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LECTURE XXITI. 
ASTRONOMY. 



THE VICISSITUDES OF THE SEASONS^ AND 
THE DIVISIONS OF TIME. 

The constant inclination of the axis of the 
earth to the plane of the ecliptic, and its paral- 
lelism, produce the vicissitudes oF the eeasons. 
That part of the earth which has the sun at tjiid- 
day as near to its zenith as possible, consistently 
with its latitude, enjoys the pleasant season of 
Bummer ; and it is, winter when the sun is as f^r 
distant as possible from its zenith. As, there- 
fore, the track of the ecliptic lies between the 
two tropics, it is evident that our midsummer 
must be on the day of the summer solstice, or 
that on which the sun is vertical, or in the ze- 
nith, to all that part of the globe which is under 
the tropic of Cancer, and our midwinter or win- 
ter solstice must be on that day on which that 
part which lies under the tropic of Capricorn has 
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S MlTonomy. £Leclure 23. 

the lun vertical, or in the zenith, and that period 
is midsummer to all that part of the southern 
hemisphere which lieaheyondlhattropic. Those 
places also which are situated under the equator 
will evidently have the sun in thdr zenith twice 
a year, at the time of the equinoxes. 

In qrder that this vicissitude of seasons shoutd 
t,ake place, that is, that the solar rays should be 
vertical at the tropic of Cancer at (he lime of 
our summer solstice, at that of Capricorn at our 
winter solstice, and al^o at the equator at the 
time of the equiuoxea, it is necesgary that the 
ajiis of the earth should have an inclination of 
S3^ degrees to the plane of the ecliptic, and that 
this axis should preserve its parallelism during 
the whole of the earth's annual revolution. 

To explain this more clearly by adiagram, let 
S (PI. I. fig. I.} he the sun; Tand t two points 
diametrically opposite in the annual orbit of the 
earth ; X ^'^ point where it is found towards the 
91st of June ; t the point where it is found to- 
wju-ds the 2lst of December! EF, or ej, the 
equator j I ^ the ecliptic or the orbit of the earth ; 
GH, or gk, the tropic of Cancer at the distance 
ef S3^ degrees from the equator ; 1 K, or ik, the 
tropic of Capricorn at the same distance from 
the equator on the opposite sidej PA, or pa, 
the axis of the earth ; P, or p, the north poi.e j 
A, or a, the south pole. Now the equator of 
the earth being inclined at an angle of 23-1- degrees 
to the ecliptic, the sun is bright so many degrees 
nearer to the north pole P about the si st of June^ 
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. and consequently he will be immediately over 
the point H in the tropic of Cancer, and all the 
places of the earth situated under the parallel 
Gfi will pass in their diurnal revolution directly 
under the sun. Six months after, the earth will 
be found on the other side of the sun in the 
point t of her orbit, diametrically opposite to the 
point T. Suppofc then (which really taken place) 
that the axis pa is parallel to the axis PA, so as to 
point exactly to the same part of the heavens to 
which it pointed six months be|bre. Now it is 
evident that the terminator MN, or mn, (drawnat 
right angles to 1 1) will divide the parallels to the 
equator or the circles of daily motion into unequal 
parta — those on the same side of the equator with 
the sua having a greater portion within the illu- 
mined than within the dark hemisphere. All the 
countries of the earth, therefore, which lie on 
this side of the equator will have their days 
longer than their nights, and of course, enjoy 
summer. On the contrary, all the countries on 
iheotherside of the equator, having a greater por- 
tion of their parallels incindcd within the dark 
' than the illumined hemisphere, must have their 
nighta longer than their days, and consequently 
it will be their winter. This is not only the 
case when the sun is at his greatest distances 
from the equator, or when he is in either of the 
tropics, but it takes place in a less degree at all 
his intermediate distances from it, the terminator 
continually dividing the parallels unequally, gt^ 
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as to comprehend a greater or a less portion of 
them wilbin the illuminatal part, of the earth, 
according as the lun ia oi>.tke.taine.or, a dtA^rejit 
side of the equator i)t>sa- ihaftoD which the pa- 
rallels lie. NVhen he is in the equator, the 
terotinalor will be in the direction PA, or p Oy 
and will manifi»tly divide the parallels equally, 
so as (D make day and night of the same length 
throughout the globe. This is the time of sprifig 
to the inhabitants of that part of the earth -who 
are placed on, the same side, of the equator on 
which the .sun is passing, and autumn to those 
who UK placed on the other side of the equator 
from which he is retiring. 

It is easy, therefore, to see that it is the in- 
clination of the axie of the earth to the plane of 
the ecliptic, and its constant parallelism, which 
occasion the change of the seasons. 

The sun being of all the hi^venly bodies the 
fiiost fauiiliar to us,, and the most easy of ob- 
servation, has from the earliest ages furnished us 
with the measure of tiire. Time its divided into 
ages, years, mouths, weeks, days, hours, minutes, 
and seconds* 

That spate of lime is called a day in which the 
earth performs one rotation on iis axis, and in 
which cunsequemly the sun appears to make an 
entire revolution round the earth' from east to 
west. The natural or astrononMcal day is that 
in which the sun appears to revolve from the 
meridional line which passes through any givjp 
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place to the same meritlian again. The aslro- 
nomica) days are, however, no[ always of the 
same length, while the civil day is always of 
ef)ual duration. This difTcrence has given rise 
to a distinction which is necessary to be known. 
The former, -which is-nsaslly measured by the 
sun-dial, is called solar, and the latter, whieh is 
measured by the clock, is called mean or equal 
time. 

The difference between mean and solar time 
depends upon three causes. 

1st, The earth (according, to the third law of 
Kepler) does not pass equal portions of its orhit 
in equd limBs^ ■ It proceeds sometimes quicker, 
and sodietimes slowi;r, and consequently the aun 
appears to advance more or \es£ rapidly in the 
ecliptic. In fhe Rrst case ihe'day wilt be sortie--, 
what longer, because the earth, to rejoin the stui, 
or to present to him the same. meridian, must 
-makc^tfinefrhat of, a lai^r turn upon its axis. 
In the seouiid case (lor the opposite reason) the 
day will be in some degree shorter. 

sdiy, The earth's motion on its own axis is 
always equal and regular; and if the plane of the 
ecliptic was parallel to the equator, there would 
be no difference in the time marked by either of 
these circles, for fihetn degrees of each of theite 
circles passing over any meridian would, be equi- 
valent to all hour in time. But, from the ib- 
clina'ion of the earth's axis, as already described, 
the ecliptic is oblique to the equator, and cbiv- 
set^cntly the eaitb's , rotation on its axis, carrier 
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6 Astronomy. [Lecture £3. 

unequal portions of the ecliptic over the me- 
ridian ill equal tiines, and ibe difierencc is pro- 
porlional to the obliquity. If a sun or star was, 
iheretore, supposed to move in the circle of tlie 
equator, it would always return to the same me- 
ridian in twenty-four hours, as measured by the 
clock ; but the sun, which movea in the ecliptici 
willaometimes return sooner, and sometimes later. 
It is therefore only on four days in the year that 
■these two luminaries would come both together 
to the same meridian, and on these days only the 
dial and the clock will be found exactly to agree. 

A diagram will perhaps serve better (o ex- 
plain what I have now said. Let PI. I. fig. 2. 
represent a part of the concave sphere of 
the heavens. LetDE be a part of the cele«- 
tial equator, FG a part of the ecliptic, A the 
intersection of the two circles at the vernal equi- 
nox, AB a d^ree upon the equator. Suppose 
Ihe plane of the meridian to pass from the si-< 
tuationMM into the situation NN, in going 
through the arc AB, one degree of the equator, 
it will go through the arc C more than one de- 
gree of the eclipiic. For in the triangle ABC, 
the angle at B is a right angle, and the hypothe- 
nuse AC is consequently the longest side. 

At the solstices, the obliquity of the ecliptic 
has a contrary effect, and contributes to lengthen 
the solar days. Thus, (in fig. 3,) TT is part of 
the tropic of Capricorn, CD part of the ecliptic, 
coincidentwiththetropicforsomedistanceoneach 
Bide of ih« apUtitial poiDtj viz. from A to B, and 
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therefore nieriilians which are perpendicular to 
the tropic may be considered so far as perpeo- 
dictilar to the echpiic. A meridiaot then, io 
going from A to B will go through as large an 
arc in the tropic aa in the ecliptic ; but the iropjc 
not being so great x circle, any arc, as (i£, taken 
in both these circles will measure more tniDutes 
than in the ecliptic, and that in proportion as 
the ecliptic exceeds the tropic in dimensioDS. 
The circumference of the ecliptic is to itut of 
the tropic as 60 to 55, and therefore the arc ai 
of 55 minutes on the ecliptic, will be 60 in the 
tropic. As every meridian, therefore, passeij in 
the same time through similar arcs in the celes- 
tial equator, and all circles parallel to the equa- 
tor, and such are the tropics, at the solstices 
every arc of the ecliptic passed through by any 
meridian in a given time will be to the arc of 
the equator, pawed through in the same time, as 
AA to 60. 

Mr. Ferguson eiplains this subject by a veiry 
easy problem upon a common globe. If we put 
small patches of paper, or any mark we please, 
on every tenth or fifteenth degree both of the 
equator and the ecliptic, as inscribed on the 
globe, beginning at Aries T , and turn the globe 
gently round westward ; we shall find all the 
patches or marks on the cc'iptic from Aries to 
Cancer, come to the brazen meridian sootier than 
the corresponding majks on theeqnator; those 
-&OID Cancer to Libra will come later to the 
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meridian than the marks on the efiuator, those 
from Libra to Capricorn sooner; and lastly, 
those from Capricorn to Aries later again. The 
marks at the beginning of Aries, Cancer, XJbra, 
and Capricorn, will come to the meridian at the 
same lime with those on the equator ; or the 
same thing may be proved by having two little 
balls to revolve in equal times, the one in the 
circle of the ecliptic, and the other in that of the 
equator. 

3dly,Theorbit of the earth being an ellipsis, irf 
which the aun occupies one of the foci, the por- 
tions of the ecliptic which the sun appears to 
traverse are not equal to the portions which the 
earth really passes in its orbit. 

These three causes combine at some times to 
produce the same effect; and at others they 
counteract each other. On these principles, 
what are called equation tables are calculated by 
astronomers, showing when the sun is faster ot 
slower than the clock, or the difference between 
solar and mean time. 

Solar time, from these circumstances, can co- 
incide with mean time, only at four periods of 
the year, viz. the 14th of April, the Idlh of June, 
the 30th of August, and the S3d of December. 
On all the other days of the year some inequali- 
ty will be found, as shown by the equation 
tables. 

We have seen that the day consists of twenty- 
fourhouM of mean time.— -But the term artificial 
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^ is uaed to espret^ (he time -while %t |S^ia is 
above the borizoD ; and the time during whtcj^ 
the sun -is below the bonzoo^ is called night. 
The artificial day, it is well kaowQ., is of difierent 
duration in difieicDt r^Qna of the globet and at 
difieirait seasons of the yefir. To those.wha Kve 
under the.eq^ntoritjs exactly twelve hours* At 
the poles the artificial day is.of sin months' duca- 
tion; and at atl those regions which He, between 
the e9i>atQi;srfi|l the.poj^'.it is subject to con- 
sider^le variati(His.. 

To ibese parts ;of the ^obe tbe artiS>;iat day 
is only of li hovrs length when the sun is in 
one of those points called the equinoxfs, wber£ 
the equator intersects the ecliptic. At other 
times, it is ekber longer or shorter, according to 
circumstances. To those who live between the 
equator and the north pole, the day becomes 
longer than IS hours,, in prQportion as the sun 
continues to advimce from the equator to. the 
tropic of Cancer, that is, from the timq of the 
vernal equinox; on the contrary, it becomes 
shorter than that period, in proportion a& the suq 
advances from the equator towards the tropic of 
Capricorn, which takes place after the autumnal 
equinox. The contrary h^pens to the inhabi- 
tants of the southern hemisphere. Thus, in all 
the rogioQs oa «ther side of tbe equator there 
are only two days in the course of the year w ben 
tbe day and night are'equal. 

3ac4 is the duration of the aitificial <Iay tj> 
B5 
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the difTerent inhabitants of the earth, if we re- 
gard only the actual presence of the sun above 
the horizon. But there is one cause, which 
aerves to prolong the day-light, which we have 
not yet noticed, and that is refraction. After 
what you have heard in the optical lectures, you 
can scarcely be at a loss to understand its opera- 
lion. From this cause the sun appears, bcth at 
rising and setting, above the horizon, when he Is 
actoally belovv it. Let us suppose {fig. 4.) T to 
be the earth, tx the mass of the atmosphere, 
S the sun just below the horizon HA;< suppose 
the ray S e then to be emitted from that lumi- 
nary, and to arrive at the atmosphere e, which 
must be ol' greater density thaw the medium 
through which the ray has hitherto been trans- 
mitted. The ray is consequently refracted to- 
wards the perpendicular p^, and reaches the 
spectator at (, who then sees the sun in the di- 
rec^on ts; he sees him, therefore, in a situation 
nearer the zenith thaniie really is. 

But since the atmosphere is not ever)' where 
of the same density, and since its density in- 
creases as it approaches the surface of ihe earth, 
the ray D a, for instance, must suffer many suc- 
cessive refractions, and arrive at the spectator ( 
in a kind of curve abet; and if the line td \i 
the tangent to this curve, the observer will see 
the luminous body D elevated to d. TTm effect 
of refraction in our climate is to cause the sun, 
when he is in the horizon, to appear about 33 or 
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K minutes of a degree fairer than he really is j 
whence it follows that he will appear above the 
horizon when he is actually below it. 

I have said that the mtificial day compre- 
hends all that space of time during which the 
si)n is above the horizon ; but if we apply this 
term to the duration of light, it must also in- 
clude (he twilight, and the length of the arti- 
ficial day will be proportionahly extended. 

Twilight is that porlionof light which the lun 
diffuses throu^i rite atmosphere before hi» ri- 
sing and after his setting. The morning twi- 
light, which the antients distinguished' by the 
name of Aurora, introduces to us the dawn of 
morning when the sun is about 18 degrees below 
[he horizon ; andthe evening twilight disappears 
when [he sun has. descended about 18' diegrees- 
lower thim the horizon, llius the line of twi- 
light may be regarded as a circle parallel tctbe 
horizon, and about 19 degrees below it. 

The morning twilight continues to augment 
as the day advances ; that of the evening, on the 
cortrary, decreases gradually till it totally disap- 
pears. I have s:ud' the twilight is the effect of 
the dispersion of the solar rays in the atmo- 
sphere, by which they are refracted and reflected 
in various directions. To understand this, let 
T (PI. II. fig. 5.) be the earth, AAA the atmo- 
sphere, H H the horizon, C C C a vertical cir- 
cle, which serves to measure the height of the 
sun, S the svm below the horizon either before 
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his rising, or after his setting. The sotar rays 
&s, S s, S s, S 5, are directed towards the points 
B B B B, and they would pursue this direction 
but for the interposition of the atmosphere, 
which having more density than the medium 
through which they were last transmitted, and 
the rays coming in an oblique direction, they are 
refracted towards the perpendicular, and inclined 
o tttt. As tbe sun descends, fewer ray^ reach 
the surface of the atmosphere, go as to take this 
direciion. The twilight, therefore, gradually 
diminishes, and at last totally disappears in the 
manner already stated. 

The duration of twilight is not the same at 
all places, nor even at the same place in all sea- 
sofis ; since, M certain places, and at certain 
times, the sun rises and descends perpendicul^- 
ly from the horizon, while at others his motion 
both at rising and setting is more oblique, and 
the most so when his declination is tbe greatest, 
at which period it is plain that he must occupy 
' naore time in rising-«n- descending a space which 
shall measure IS' degrees in the vertical direc- 

Tbe sun appears to traverse 19 degrees of the 
equator, or of some circle parallel to h, every 
bout; twilight theKfore must endure for onehour 
and twelve roinirfes in those places where the sun 
rises or sets perpendicularly to the horizon, 
which is at the time of the equinoxes to those 
who live under the equator^ of who have a right 
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sphere. The length of twilight inewaBes in 
■ proportion as the sun is further from the equator, 
or has more declination. 

We must therefore conclude, that to those 
who live between the equator and one of the 
poles, or who have an oblique sphere, the length 
of the twilight must be greater in proportion as 
the-pole is more elevated above the horizon, or in 
proportion as the place has a higher latitude. 
Tlius, if the latitude is such that the sun at mid- 
night on the sist of June cannot have descended 
eighteeu degrees below tbehorison, as is the case 
in OUT climate, the evening twilight will not be 
finished before that of the morning commences; 
so that at this period of the year we have, pro- 
perly speaking, in clear weather, no night at all. 

It follows also, that if there were any inhabi- 
tants directly under the poles, who would, yoii 
know, have a^ parallel sphere, the twilight would 
be perceived by them two months before the stm 
- appeared above their horizon, and would also 
endure two months after the disappearance of 
the sun. In a paralleJ sphere, therefore, there 
would not he more than two months of actually 
dark night; besides that, durir^ these two 
months, the moon would be twice visible above 
the horizon for fourteen days at a time. 

The astronomical day commences at noon of 
true time, that is, at the instant when the sun is in 
themeiidian. In astronomy, the twenty-four hourt 
of the day are counted from noon to the follow- 
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ing noon agaio; so that iDStead of calling the^ 
hour after midaight one o'clock in the mornings 
as is called by theclock, it is termed' the thir- 
teenth hour of the day, and so on to the end 
of the twenty-four hours. , 

With respect to the civil d»y, tls commence- 
ment has not been esti^lished by all nations at 
tlie same period. The Babylonians began to 
count the hours of the day from the rising uf the 
sun. The Jews and Greeks, on the contrary, 
counted from his melting; and this, I believe, is 
the practice in Italy at present. All the other 
countries of Europe b^it> their day as we do, 
immediately after midnight. 

In the Latin^ the seven days of the week are 
denominated after the sun, moon, and the pri- ' 
mary planets. With the exception of Saturday 
and ^Sunday, the French follow the same plan. 
In four of our days, Tuesday, Wednesday, 
Thursday, and Friday, we have adopted the 
names of four of the Saxon divinities, who are 
said to correspond with Mars, Mercury, Jupiter, 
and Venus ; Saturday, Sunday, Monday, are the 
same as the Roman names, 

Fourweeks two days and about -,^th constitute 
a mean solar month, that is, the time in which 
the nun appears to traverse one sign, or twelfth- 
part of the zodiac. 

Twelve months constitute a year, or that pe- 
riod in which the earth completes her orbit round 
the sun, or in which the sua appears to have 
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passed through the twelve si^ oFthe zodiac. The 
y«arj therefore, oonsixls of 365 days and about 4^ 
It was at first eatinuted at only 365 days. But as it 
was found that, while the earth makes a com- 
plete revolution in her orbit, she makes with re- 
spect to the tun 365 turns and nearly ^ upon 
ber own axis, which makes the year to include 
305 days and sis hours, and also that the equi- 
noxes receded about the value of a day in every 
four years : to remedy this inconvenience, it was ' 
agreed to employ the six aupemumerary or inter- 
calary hours in giving an additional day to every 
tburtb year, which on that account is called leap 
year, and contains 366 days. 

"Ilie year, however, consists only of 365 days 5 
hours 48 minutes and 45^ seconds. In adding, 
therefore, to every fourth year a whole day, we 
give 11 minutes and Hj- seconds too much. 
Tliis quantity, though small in itself, must in 
the course of many years amount to a consider- 
able sum. In the pontificate of Gregory XIII. 
the equinoxes had advanced ten days, so that the 
vernal equinox, instead of the 30th, fell on the 
30th of March. This irregularity caused much 
inconvenience with respect tu the festivals of the 
church. The pope, therefore, with tlje advice 
of the ablest astronomers, reformed the calendar. 
Having calculated that the surplus time, viz. 
eleven minutes and fourteen seconds, which had 
been added to the leap years, must amount to a 
whole day in 133 years, and that, consequently. 
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from ihe time of the Niceoe council, AX>. 9S5, 
theequinox had fallen back elevendays, they struck 
off at once eleven days from ihe current year, bo 
that the vernal equinox then fell on the SIst of 
March | and it was furthei agwod to omit three 
of the leap years' in the courseof 400 y^ar*. This 
arrangement haa alreadyheeniput' in practice; 
since the years 1700 and 1900,- which would 
hare hsen leap' years in the usiia)' c&uT!tk,^y^r&. 
not ohderved as such. Eveti thisplati ts^no^^^^j^ 
not quite perfect, for, since iheelevm minutes apd ' 
fourteen seconds compose anentireday ai theend 
of ]SB years, instead Of 133, this wiil still cause 
an error of one day In 3300 years, so that at the 
end of the year 480Q it w.ill be again necessary . 
to retrench anolhei leap year. 
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LECTURE XXIV. 

ASrrilONOMY. 



In the SOth lecture I observed tbat, in a period 
somewhat shorter than a month, the moon was 
found once in conjunction, and once in oppo- 
sition with the sun. In conjunction, when the 
moon is at N (Vol. i. PI. XXVIII. fig. 119.) 
between the sun S, and the earth T; and in pp- 
positioDj when the moon is at L, in such a si- 
tuation that the earth T h between it and the 
sun. In the first case we should naturally ex- 
pect that the moon would hide from us the light 
of the sua ; and in the second, that the earth 
would prevent ibe sun's light from reaching the 
moon ; and consetjuenlly, that every such occasion 
would produce an eclipse of one of those bodies. 
Notwithstanding this, we find the new and full 
moons hut very seldom produce eclipses ; and 
w hen they happen, it is not in ihe same propor- 
tions or in the same manner as you might ex- 
pect on a cursory view of the figure. 

If the moon's orbit was perfectly coincident 
with that of the earth, what we have been sup- 
posing would actually take place, and there 
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would be a total eclipse at every new aad full 
moon; but Providence has wisely ordered it 
better, and I think I shall be able in few words 
10 e}iplain the reasons to your satisfaction. The 
moon's orbit is inclined about five degrees to the 
plane of the ecliptic, or the orbit of the earth. 
When, therefore, the nioon in the moment of 
her conjunction with the sun, happens to be in 
any point of her orbit a little distant from those 
points in which this orbit cuts the ecliptic, and 
which are called the nodes, there is sufficient la- 
titude to admit of the light passing to the earth 
either above or below the moon, and there can 
therefore be no eclipse. — Or, when, in a similar " 
case, the moon happens to be in opposition, the 
light of the sun will pass to her either above or 
below the earth, and the moon will not -be 
. eclipsed. But If the moon happens to be in the 
node, or very near it, at the time of her con- 
junction, she will then hide from us the light of 
the sun, and that luminary will be eclipsed : if, 
on the contrary, she happens to be in or near her 
node, while in opposition to the sun (being then 
in the plane of the earth's orbit), the earth will 
intercept from the moon the sun's light, and she 
will suffer an eclipse. 

If you consider that it is only when the sun and 
moon happen to beinconjunctionor opposition in 
or near one of the nodes that an eclipse can take 
place, you will see sufficient reason for the infre- 
quency of the phenomenon. When, in fact, the 
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sunand moou arc more than EeycBteen degrees from 
cUher of the nodes at the time of conjunction, the 
oioun is then too high or too low in' her orbit for 
any part of her ihadow to fall on the earth ; aati 
when the sun is more than twelve degrees from 
either of the nodes at the time of opposition, the 
moon is too high, or too low, to pass through 
any part of the earth's shadow. Her orbit coiv- 
tains 360 degrees; of which seventeen, the limit 
of the solar eclipses on eitber side of the nodes, 
and twelve, the limit of lunar eclipses, are hut 
small portions; and as ihe sun pasecs hy the 
nodes but twice in a year, it is no wonder that 
we have so many new and full moons without 
eclipses. 

The eclipse of the moon then can only take 
place at its Full, and when the moon is in oppo- 
sition to the sun, and the moon is found either 
in one of bis nodes, or near it. Suppose £E 
(PI. III. fig. 6.) to be a portion of the ecliptic 
at the distance of the moon, along which the 
shadow of the earlh is moving. This shadow is 
R-presented by the black circular spots ABCD, 
which may be conceived to be sections of the 
cone DCE in fig. 7, where S is the sun, and T 
the earth. Suppose again the line LL (fig. 6.) 
to be a portion of the orbit of the moon, which 
cuts the ecliptic EE in the point N, called the 
7iotfe,inakLng with it an angle of a little more 
than five degrees. If, in the moment of her op- 
position, the moon is found in the point F ill 
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her orbit, she will be too far trom her node, 
which is in N, and will have loo much Utitude 
to b« able to reach the shadow. But if she it 
found in the point G, having less latitinle, a por- 
tioo <ii her disc will be plunged in the shadow. 
There will then be a partial eclipse, and if the 
moon is still nearer to her node, as at ihfe point H, 
the greater the obscuration will necessarily be. 

In short, if in the moment of opposition 
the moon id found precisely in her node N, the 
eclipse will not only be total, but central, and 
■even will remain so for some lime.) forthe'ceip- 
ter of the moon coincides w'uki the atis of the 
conical shadow formed by the earth; and this 
conical shadow DEC (Gg. 7-} occupying'; id the 
orbit of the moon, a^spafieFCj "ot*'^^, greater 
than the diameter of the biobu'L <}r M, ifsfaads 
this planet for a time proportioned to'the length 
by which the diameter of the shadow exceeds 
tliat of the moon, and this it is that causes the 
continuance of this planet in the shadow. The 
moon remains thu^ obscured the longest time 
.when the sun S is in apoi^ee, and the moon h 
ill perigee ; for then (he conical shadow is the 
greatest that can be; and tlje moon. being, in the 
point L of her orbit, which is the nearest the 
earth, is found also traversing ihe shadow in the 
place where this shadow has the greatest diame- 
ter, FG, that the »eoon can reach; whereas, 
wh^ the moon M is in apogee, she traverses 
the .fccwical shadow nearer the summit C, and 
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consequently in fi placci^^, where the shadow 
is nitrroyver. , ; , 

_ .^yhen the moon id even totally eclipsed, she 
doeg potc^aee to. he visil)le, for it is only thfe 
shadow of the,.e4r^h which is cast upon her. 
She appears of a copper colour, or like a heated 
iron half extinguished. This effect arises from 
the scatteredr^yB of light from the moon, which 
are refracted by the terrestrial atmosphere, and, 
crossing each other, afford 3 faint picture of the 
moon. This light is feeble, because it is smaJl 
in quantity, and it is of a reddish colour, 
because oi\ly the red rays can penetrate, 
our ^ti^osphere in these circumstances. Tbis- 
is If ore obscure in proportion as the moop 
j^^arerthceartbal thetimeof Iheedipse: (here 
have even been eclipses when the moon has to- 
tally disappeared, but ibis is a rare pb^^iome- 
non. 

An eclipse of the sun can only take place 
when the moon is in conjunction with the sun, 
and when she is iu one of her nodes, or very 
near it. Suppose the liue EE (fig- 8.) |$^ hca 
portion of the ecliptic, and LL a portion of the 
orbit of the moon, cutting the ecliptic in the 
point N, at an angle of a little more than five 
degrees. Then, if in the moment of her conjunc- 
tion the moon is found in the point F of herorbit, 
she will be too far from her node to intercept 
the sun's light, and cause an eclipse. But if 
she is in the point C, having less latitude, she 
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will hide a portion of ttie disc of the sun ; and 
will then produce a partial eclipse, which would 
be still greater if the moon was nearer her node, 
as in the point H. In short, if, in the moment 
of the conjunction, the moon is precisely in her 
node N, the eclipse will be central ; for the cen- 
ter of the inoon, if viewed from that of the 
earth, will appear to coincide with the center of 
the sun. And if the apparent diameter AB 
(fig. 9.) of the sun S is greater than the apparent 
diameter QR of the moon L, it will form round 
the moon a ring, or a luminous crown ; and the 
eclipfie is then called anmilar. This ring of light 
w^i be larger in proportion to the difference be- 
tween the apparent diameters of the sun and the 
moon. But if the apparent diameter ON 
(fig. 10.) of the moan L. is etjudly great or 
greater than the apparent diameter B A. of the 
sun S, be will appear entirely covered by the 
moon; the eclipse will then be total, and will 
endure so much longer as the apparent diameter 
of the moon shall exceed that of the sun. 

For an echpse of the sun to be annular, the 
case will be most favourable when the sun is in 
perigee, and the moon in a|X)gee. And fur an 
eclipse to be total, the most f3,vourabIe case is 
when the sun is in apogee, and the moon in 
perigee. 

The motion of the moon being swifter than 
that of the earth, and the motion of both being 
directed from west to cast, that is, that of the 
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moon from Q lo R (fig. 9.), and from N to O 
(fig. 10.), and that of llie siin from A to B, it 
will easily be seen that an eclipse of the sun 
must always begin in its western edge A. 

As t))e moon is a great deal less than the 
earth, her shadow forms a cone NOC (fig. 10.) 
whose section id much less than the earth, so 
(hat only a small portion, DE, of the earth is 
involved in the shadow at one time. Hence Jt 
is that an eclipse of the sun is not perceived at 
the same instant in every part of the hemisphere 
which is thus turned towards the sun, and that 
in some parts it will not be seen at all. More- 
over, in diSerent situations, different parts of the 
sun's disc will appear eclipsed ; for those who 
are in F see him eclipsed in the part IB, and 
those who are in G see him eclipsed in the part 
KA. On the contrary, an eclipse of the mooa 
is perceived at the same moment in every part 
of the earth where this planet is visible, and ap- 
pears every where to occupy the same portion of 
her disc. It is for this reason that eclipses of 
the sun arc much less frequent in any particular 
place than eclipses of the moon. 

If the moon's nodes constantly corresponded 
with the same points m the heavens, the eclipses, 
whether of the sun or the moon, would take 
place in the same months, and even on thesame 
days ; but as tbe nodes shift backwards, or con- 
trary lo the earth's annual motion about 19^ 
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degrees in the year, the same node witi come 
round to the sun about I9 days gouner every 
year than in the preceding. From the time, 
therefbre, when the ascending node passes by 
the sun, as sceti from the earth, there wilt be 
only 1 73 days before the descending node passes 
by him. If, then, at any time of the year we 
have eclipses about either of the nodes, we may 
expect in about 173 days atier to have eclipses 
about the other node*. 

Tlie nodes shift through all the signs and 
degrees of the ecliptic in eighteen years and S85 
days; and in this time there would always be a 
regular return of eclipses, if any complete imm- 
ber of lunations were finished without a fracticia. 
But this never happens ; for if both the sun and 
moon should set out together from a line ef 
conjunction with either of Uic nodes, in any 
point of the ecliptic, the sun would go through 
eighteen annual revolutions, and 22S degrees 
over, and the moon through S30 lunations and 
85 degrees of the SSlst, by the lime the nodes 
' came round to the same point of the ecliptic 
a^nin; and therefore the sun would then be ]38 
degrees from the node, and_the moon 85 degrees 
from the simt- 

Afier the sun, moon, and nodes, however, 
have been once in a line of conjunction, they 
will return nearly to the same state again in 823 
• BonnycBstle'a Aitnmomy, lett. (lii. -(■ Ilrid, 
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mean luiiationS, or about eighteen years and Icn 
days, so that the same node which was in con- 
^junctionwith the sun and moon .at the beginning 
of the first of these Kuiations, will be within less 
ihan half a degree of the line of conjunclioii 
with the «un ant) moon again, when the last nf 
these lunations is completed. In that time, 
therefore, there will be a regular period of 
eclipses, or returns of the same eclipses, for many 
ages. But^he falling back of ihc line of t;on- 
junction of the sun and moon, w'th respect to 
the line of the nodes in every period, will at 
length exhaust it, and after that it will not re- 
turn agam in less than 12,40^ years*. 

If these principles are properly considered, it 
will not be difficult to conceive how asirono- 
niers are able to Ibretel the exact time when any 
phasnomenon of this kind will happen. For, as 
an eclipse can only take place at the lime of a 
new or full moon, the chief requisites are to de- 
termine the number of mean conjunctions anil 
oppositions, that will arrive in every year, and 
the true places of the sun and moon in their 
orbits at each of those times. And, if from this 
it appears that the two hiniinarie^ are within the 
proper limits of the ni>de, there wilt lie an eclipse, 
cr otherwise not, agreeably to what has been al- 
ready observed upon ihi'! subject^-. 

• Boanyc Mile's As!i»noray. f Ibid, 

VOL. II. C 
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But in order to facilitate these operations, we 
have astTonotnical tables ready coaiputed, by . 
which the places of the heavenly bodies and 
every other necessary particular may be easily 
found for any given instant of time. Dr. Halley 
has also given acatalogue of all theecEipsesth^ 
took place from the year 1701 to 171S, which 
the author of '• L'Art de verifier les Dates," and 
others, have continued up to the year 1600. 

In De Lalande's History of Astronomy for 
the Year 1 800, it is asserted that M. Goudin has, 
by hi» analysis, fully determined the eclipse of 
1S47, the most considerable of the new century. - 
That M. Duvancel, who has delineated eclipses 
for thirty years past, has likewise delineated thJa 
for every country on the globe. By his diagram 
it appears that it will be annular in EngIaAd> 
France, Turkey, and even in Cochin-China. 

In idl eclipses, whether of the sun or moon, 
there are three points particularly to be observed, 
the beginning, the middle, and the end ; and 
every precaution is taken to note the precise mo- 
ment of each of these three phases. In total 
.eclipses there are two oiher phajses to be ob- 
served, these are the total immersion and the 
commencement of the emersion. In total 
ecli[«cs, then, there are five phases to be observ- 
ed, the commencemcut of the immersion, which 
is the commencement of the eclipse; the total 
immersion ; the middle of the eclipse ; the com- 
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oienccmcnt of the emersion ; and tlie total emer- 
Bion, which i» the end ot the eclipse. 

There h sdao another circumstaace to be ob- 
served iu every eclipse, namely^ itt greatnm or 
extent, that is, the portian of the liimiaary 
eclipsed, or which is covered by the shadow. 
To measure this, the diameters of the sun and 
moon are supposed to be divided into twelve 
equal parts, which are called digits; and an 
eclipse is said to be so many digits, according to 
the number of those parts which are objured. 
Ill total eclipses of the moon, it is often said 
to be eclipsed more than twelve digits, though 
the diameter of the moon is only estimated at 
that number. The expression then implies that 
the earth's shadow covers more than the disc 
of the full moon, and the shadow is measured 
as if it was a part of the luminary eclipsed. 

The satelhtes of Jupiter are very frequently 
eclipsed. They revolve very rapidly round the 
planet i their orbit is very little inclined to 
that of Jupiter; and (lie mass of each of iheni 
very small, compared with his. It happens, 
therefore, that at each revolution they are ne- 
rccssarily plunged in the shadow of the planet, 
in oiher wordu, eclipsed. As it happens that 
these eclipses, from the great distance of Ju- 
piter, can be perceived at different parts of the 
earth at the same instant, they afford a certain 
and very common method of ascfertaining 
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with exactness the diSerence of the meridians 
of these different places, and consequently their 
relative longitudes. There are two points to 
be principally attended to in the eclipses of 
Jupiter's satellites; viz. the immersion of the 
'satellite in the shadow^ and its emersion. 
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LECTURE XXV. 

CIIEMISIRY. 



OBMERAI. PXIHCIFLBS. 



CHEMisrar has been termed with some pror 
priety the auatomy of matter ; and its object is 
to discover the component parts of bodies^ and^ 
if necessary, to form them into new combinations. 
This last, indeed, is the principal occupation o^ 
th^ practical or trading chemist. 4 

It is by the agency of heat and mixture, or, in 
Dttier words, by the action of the particles of 
oac body upon those of another, that the che- 
mist is enabled to analyse or decompose tlie dif^ 
ferent substances which nature presents to hi» 
Tiew. The matter of beat, or caloric, is'ihe most 
powerful agent ; for it has-an attraction for most 
bodies, enters into their pores, andby its repuU 
«ive powers produces a decomposition of theit 
cunitituent particles. There exiiis also in many 
eases a reciprocal atlTaciiun between the particles 
of one substance and those of annlher: thin 13 
seen particularly in all ca.-!es oisohUwn ; as when 
a lump of loaf sugar is put into a glass of water, 
it is said to be dissolved; that is, the particles of 
the sugar are intimately blended a:id united 
.with those of tbe water by a inutuid altracliou. 
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Ilprc let it be observed that mere mechanical 
mixti/re is very different from solution. A stone 
or an earth mity be reduced lo powder and mixed 
\iith water for a cectain time, liut the mixture 
wil! be muddy, and in a Httle time the sohd par- 
ticles will sink to the bottom; whereas i|-' salt 
or sugar be dissolved in water, the compound 
will be always clear, and cannot be separated 
otherwise than by a chemical process. 

These processes are generally by means of heat. 
—They arc chidly evaporation, or sMblimation, 
which wi!l be explained in the nest lecture. 
■ Fluid matters in which oibers are dissolved 
are called menstrua ; and there is a certain limit- 
ed quantity of the solid which they will dissolve 
or take up in solution by the power of allraction> 
Thus the quantity of ^alt which water will actu* 
ally dissolve is limited, and whatever is beyond 
that wilt sink undissolved to ihc bottom. This 
point or limit is cnlled the point of saturotion. 

Chemical allraction differs fromthe atiraction 
of cohesion or aggregation in this, that it existti 
between the particles of bodies differing from 
each other, as between the salt and water; where- 
as the attraction of aggregation operates only be- ■ 
tween particles of the same kind, ll is fbutid - 
also, that in chemical attraction the particles of 
certain bodies wilt be attracted by a given men- 
struum in preference to those of others. Thus 
snlphiiric acid will dissolve a certain portion of 
copper, but if iron is added it will let fall tjte - 
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copper and take up the iron, and if an alkali is 
acUk-d it will drop the iron and unite with 
the alkali. The body thus let Caii is said to be 
precipitated, iaA\& caWeA z precipitate, and the 
substance which is employed lo cause its precipi- 
tation is called a reagent. 

These oliservations may serve lo aflfortJ a gene- 
ral Idea of the effects of heat and mixture. In the 
remainder of this lecture f shall endeavour to give 
an outline of the principal doctnucs of modem 
chemistry, and particularly with respect to the 
Bimpre substances. I shall ia the two following 
lectures proceed to point out more particularly 
the chemical effects of heat and mixture. I shall 
next describe the chemrcal apparatus or instru* 
ments ; and shall then briefly examine and explain 
the nature and properties of mineral substances, 
sails, earths, metaU, cojiibustiblcs, and iv aters , at 
far 3S chemistry has made us acquainted with 
them ; and lastly shall treat of vcgeiabic and ani" 
mal substances in the same manner, particularly 
as to the nature of their constituent parts. 

It is one of the great uses of philosophy to 
make us belter acquainted with ati intelligent 
Providence, lu show how wisely and with what 
infinite design all things in the hcg-veiis and bn 
the earth are disposed ; and every step we advance 
.afiords fresh cause for admiration. You have just 
been contemplating the wonders of the Cnnamen t.. 
Jliuae which modern chemistry displays to your 
view, though on a minuter scale, are not less strik> 
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' ing. Can it fail to surprise any person capable 
of reflictiou, when he is told that the endless vari- 
fly of created beings which natui-c presents to his 
view are composed from not more than forly-lwo 
siniplc stib&lanccs ; and that into the cumposition 
of the greater number not more than six or seven 
of these elementary aubstancesareknown to enter; 
for the metuU and most of the earths are peculiar 
substances, and bave little share in the formation 
of animals and vegetables. 

Let it beobserved, again, thai cliemical analysia 
has not yet probably proceeded all the lengths at 
which it may hereafter arrive; that many sub- 
stances which at present we regard as simple, 
may hereafter be proved to he compound, and 
tiiat possibly the ingenuity of man may never be 
able to reach the ultimate and elementary par- 
ticles of bodies. 

Those matters, however, which chemists have 
not as yet been able to decompose, they have a 
rightto regard as simple substances. They ar« as 
follows ; — 

1 Caloric, or the matter of heat and fire*^. 

2 Oxygen. 

* I nna nwAm; tliat chemists of high chantctrr account 
Caloric »li(I liiilit an distinct substniiccs, and of die curious 
Experiment oi* Dr. Ilcrscbell on which tbia opinion is Ibuiid' 
ed. But { liave some objections to that experiment not 
proper to be stated here ; nnd we know so little of tho 
chemicnl projicrtics- of li^bt, considering it even rs a rfi- 
sunct substHt ice, that its iiicruducliun at present would onlf 
cuiit'use the student. 
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S Nitrogen or azote. 
4 Hydrogen. 

jPhoSpho™.. -.gi ,^ 

,r'^'^ V. , {Combustible.. 

7 Carbon or Diarmona. ^ 

8 The Muriatic Badical. 

„ All r ff*otas»anA 

m Earths, of which there ire nine injiutnbei. 

ti Metals, in number about twenty-three. 

I. Caloric* or elementary fire. That this 1« 
a fluid of a pecuhar kind can no longer be doubt- 
ed, since ii has alt the properties of a 6uid.. !t 
i» perceptihle to our senses only in a disengaged 
UF active state; that is,, in passing from- one body 
to another. It is, however, diffused very copi- 
- ously ihroughout nature. By its- elastic quality 
k is the cause of' all Buidity ; and, indeed, was 
It not for the influence of this subtile fluid, the 
whole matter of the uuiverse, there is reason' 
to believe, would'be condensed into a solid masst 
Trhua it is obvious that by withdrawing a certain 
portion of its natural heat froni) water, that fluid, 
becomes a solid body and is converted into ice.. 
Caloric might perhaps be termedthe principle of 
repulsion, sinoe it counteracts- that of attraciioo^ 

. * I adopt the tcnu of ihe French cbemints mprcrcrcncq- 
to those of lire or licai, Lccause tttese are proi^crly elFucMi. 
and because cali>riciiknunii to exist whore iicitlicr of thcs^ 
cfTects is iciisiUc. Ilsccms'incteed at kinduf sokciaiD t» 
-speak of latcal.Araf incoUwater.. 
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and seems to keep the .particles .evea of solid 
bodies from adhering loo closely; for an in- 
crease in the quantity of calorie, we. see, ei pands 
even the most solid substances, such as metals. 
Yet" we do not consider it as in a state of com- 
bination even when present in solid bodies, and 
still les!) when obvious to our senses as produ- 
cing fire and heat. Butit may fairly he constder- 
td as in a slate of cuinbinalinn when its pre- 
sence preserve a body in a fluid stale even in the 
tem]>eratorc of our atniosphere, wich as water, 
quicksilver, &c. 

A certain portion (or, in the chemical lan- 
giwge, dose) of caloric roduces a body to the 
sisie of an incompressible Suid ; a further dose 
brines it to the state of an aeriform or gaseous 
^i>td. Thus a certain portion of caloric reduces 
ice to the state of water, a larger du^e makes it 
volatile in the state of vapour. 

Some bodies have a superior attraction for 
caloric in on* stare and some in another. Thus 
mercury will not part wiib its caloric and be- 
come solid till the teniperatur« h reduced to 40^ 
lielow o. — Water wit) not part with it and be- 
comc-ice tii) the mirrounding bodies are at 30*. 
' But though water retains it t^stinately in this 
sute, and though it becomes vapour at 212", 
yet it readily in this stale parts with its caloric 
to any hcdy colder than itself, and becomes wa- 
ter again, .Tbe gasses (or permanently elastic 
fliiicls) -have however so strong an attraction for 
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caloric iti tliis state, that they Vf ill not part with' 
it in the temperature of oar atmosphcK, or even 
at many degrees ' below our ordinary tcmpe- 
Mture. 

Caloric combines readily with many of the 
simple substances. — With oxygen it forms oxy- 
gen gas — With hydrogtii, hydrogen gas — With 
niirogen, nitrogen or azotic gas— With sul-i 
phur, sulphurous gin. The metals and many 
of the earths it reduces to a 6uid state. 

It nray then be laid down as a canon of che- 
mistry. That allftaids, whether htcompreisible 
or gaseous, are combinatkins of caloric with some 
ather substance simple or compound. 

II. OxYGBN is a matter which is never 
&>und in ait uncombtned state. It approaches 
nearest to purity in the aiate of oxygen gas (or 
combined only with caloric), which was formerly 
termed pure, fital or emp^f eal air, from its pro- 
perty of sustaining animal lite and cojubustion. 
Oxygen gas may be obtained by various easy 
processes. It may be procured by meaus of heat 
from all the oxides (or, as they were formerly 
called, calces) of nietah ; tor it is the union of 
oxygen with the metals that reduces them to this 
calx, or cinder-like appearance. Thus red Icati - 
is an oxide or calx of lead produced by heating 
lead to a considerable degree in the open air, by 
^hich It attracts a quaiiiity of oxygen fromthe 
atmoBphtre. The oxygen may again be extract- 
ed Iroin ttie kad m the form of gas. To effeet 
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this, all that it necessary is to have & tub or v(!»-. 
nl oi water, with a shelf in ii) on which « 
receiver may reit ; a Urge tumbler will serve, 
for a receiver. The tumbler must then be filled 
with water, and be reversed with it»brim under 
water, and resting on the shelf. Put then some 
of Uie red lead with a small quantity of sul- 
phuric acid into a phial bottle in which is tixed 
air-light abeiit tube*> which by an ohTice in ih« 
wuoden shelf may communicate with the receiv-, 
er. Apply heat to the bottom of the phial, (that 
of a wax-taper or common candle will be suffici-' 
cut) and aftrr the common air which tbc bottle 
contained is expelled, the oxygen gas n ill riac in 
bubbles. And HH the receiver or tumbler, displa- 
fln2 the waler ^g it enters. The oxygen ga* 
timl .obtained in not the purest^ for it contains 
somecaiboiiie acid gas, which, however, may be 
extracted by bringing the mouth of the receiver 
ia contact with some lime-water in a bason, and 
-(lightly agitating it, when the carbonic acid gas 
will be extracted by the attraction which. t)i« 
liiDC-watet has for that substance, 

Oivgcn. gas may be obtained in a still piircff 
Mate by heating a small portion of the black 
oxide of manganese in a similar apparatus, only 
that as a stronger heat is req^uirej, the vessel 
containing the oxide should be of iiun. 

As it is possible I m^ not have explaineij. 

* The tuWo^V bvingcrttd into the coik.. , . 
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myKlf sufficiently clearly in' describing these ex* 
periments, and as some may be desirous of a 
more perfect apparatus, I shall beg leave to refer 
to (PI. Vi.) fig. 10, in the plate of chemica* 
apparatus; where A repres.ents ihc vessel or tub 
(sometimes filled with water, and sometime^ 
with mercury); KKK the wooden sbe]f;B,G,F; 
ve glass jars or receivers, inverted with )heir 
mouths downwards, and resting on the shelf, 
C is a glass bottle, which is supposed to coirtain 
the ingredients for furnishing the gas, and to the 
bottom of wbieli beat is applied. D i» a glass 
tube, generally Jilted by grinding to the neck of 
the bottle, and curved so as to enter convenient- 
ly below the sbelf, and c(»nmunicate with tho 
jar or receiver. E is a glass retort, which maj^ 
be applied to the same purpose; 

Since oxygen is one of the component parts 
of water, any process that will decompORe water 
will fufiii^ it in the form of gas. Pump water, 
when exposed to the sun, wiH emit it in smal} 
^aotities ; and as all vegetablts in a gpowing 
ftUte decompose wate>, when there is a gteea 
slime (which is a vegetable- matter) formed ilk 
water, in a bottle, &c. a- quantity of oxygen gat 
will be separated when the water is exposed to 
the sun. Raw silk, and even very fine glass 
tubes, immersed in water, wilt also decompose 
jt by means, of the sua's heat, jmd produce oxy- 
gen gas. 
« Oxygen .gu fomw a (considerable- part of the 
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air of our attitospberei (tbout 4B parts in 100,) 
the rest is oitrogCnj or azotic gas, which is not 
respirable> and will not support flame. On the 
contrary, oiiygen gas is supposed to be that fluid 
which particularly supports animal Htc, by mic- 
ing with the l>lood in the lungs, lo which it im-* 
parts, the red colour ; and by becoming con- 
densed, it parts with its c^oric, and furnishes as 
with animal heat ; as is proved by every peraon 
who uses lahoritius exercise breathing quick, 
and becoming proportionably healed. 

It also supports combustion. Au iron wire, 
after being a little heated, and plunged in a ves- 
sel containing oxygen gas, will burn and flame 
like a candle. The oxygen, is this case, unites 
with the metal, and converts it into an oxide, or 
calx as it was forn>erly culled irom its being 
produced by burning, and resembling a calx or 
cinder. 

Oxygen bas,ind««d s strong aitraOion for ail 
the simplecoaibustiblcs, hydrogen, sulphur, phot* 
phoriis and carbon, foimi^g different com- 
pounds. With hydrogen it forms water; with 
tulphui, sulphuric acid'; with phosphorus, pbea- 
phoric acid; and with caibon, carbonic acid 
gas, formerly called fixed air. 

It ia usually in the state of gas that oxygdi 
enters into couibiDatton with these matters. 
Combustion is the result of this tmion ; tor as iu 
all these cases the oxygen gas at least is con- 
densed, tl)« calotic wtncb retained it in the 
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gMsoQi state ta set livc,:-a[i(] becotnes sensible 
in the fomi of hnt or flame. 
- It may tberpfere be e4t3bHshed as a ^econil 
caaon of chemistry^ That oil comhutien is titt 
result of axt/gen gas uniting wilh same comints-- 
tible body. 

To effect (his union^ the combustible bodies 
must be. reduced to iheir ultimate or minutest 
particles^ Tbis is done by the appiicaiion of 
heat, which also expands or removes the particles 
furthcT from the sphere of each other's attraction, 
whence their union with oxygen gas is facili- 
tated. Hence flame has beei) called ignited va- 
pour ; that is, it is the combustible body reduced 
to a vaporific form, and \a that state combining 
with oxygen g«s. 

But one of the most extraordinary anid im- 
pottant properties of oxygea is, that f'rofii which 
it derive its name. Qxia, in Greek, means 
sharp or acid ; this substance, therefore, being 
considered as that which imparts the acid cha- 
racter to those bodies which are denominated 
utidiy ia called oxygen. Thus sulphur in its 
primitive state is one of the mildest subBtancen 
in nature, but in combination with oxygen it 
forms ibal corrosive and dangerous fluid called 
sulphuric acid, formerly oil or spirit of vitriol. 
It is not, however, to every substance ihat oxy- 
gen imparts' the ac>d nbaracter; for instance, 
with hydrogen it forois <Mjly water, which has 
none of the properties of an acid. IW cnlyt 
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■ubstaoces to which it can impart the acid cha^ 
racter are those which LavoiBier calls acidifiabl* 
or saliliable baws ; of the simpla substance* 
these are, nitrogen, phosphorus, sulphur, carbon, 
the muriatic radical, together with a few of the 
earths and mttala. 

Oxygen, however, is njpt always combined in 
»be same quantity with the same mailer; wheno« 
a distinction is made by the modern chemists, 
marked by the terminations ous and ic. Thus 
sulphurous, nitrous, 'or phosphorous acid mean 
the substance combined wilh a smaller proportion- 
' of oxygen ; and sulphuric, nitric, or phosphoric 
acid mean the cnaibi-:atiea carried to itve high^ 
est point of saturation. 

From this distinction with respect to the 
acids arises another, which relates to the com- 
pound salts into which tbey enter. Thus the 
compound sails formed by those acids which 
terminate in ous are marked by the terminaiioik 
ilg. Thus we have sulphites, phosphites, Ecc. 
Those which result from a combination wilh the 
acids ending in k, or the iiill- or strong aeid, are 
marked by the termination at. Thus we have 
sulphats, phosphals, &c. &c. 

U may then he laid dbwn.a« a third canon of 
chemistry, Tkat all acids ara comtntialions iif 
wajgen with some other suiistance. 

And it follows as a fourth canon, TUat all com- 
pouni salts are combinatiom ^-an acid.withsom» 
ather stibstanee^ 
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Oxygen, we have also seen, combmes with ■ 
the , inculs, destroying the meullic lustre, and 
giving them an earthy appearance. Tliis pni- 
duct was formerly called a calx, or cinder; but 
this term we now reject, because it implies that 
it is always the product of combustion, whereas 
oxides are produced equally by the solution of 
the metaU in the acids, and afterwards precipi- 
taling them by an alkali. 

Oxygen combines with the nietals in difierent 
proportions, and these products are marked by 
modem chemists by the Greek numerals. Th« 
protoxide means the metal combined with the 
smalltst portion of oxygen, deutoxide with a stilt 
larger portion, and peivxide the largest it is capa-* 
ble of receiving. 

Some of the metals become oxidized by mere 
exposure to the damp and moisture; thus the 
rust whtcli iron so rtadily contracts is an oxide of 
the metal, produced by its attracting the oxygen 
from air or water. In most cases, however, 
heat is n^cessar)- ; and the perfect metals, as 
they were formerly called, gold, silver, and pla- 
tinum, will not oxidize by heat alone, but re- 
quire the agency of an acid, from which they 
may be precipitated by an alkali iu the slate of 
an oxide. 

All oxides are heavier than the quantity of the 
metal which produced them in proportion to the. 
quan tity of oxygen with which they are combined. 

XII. NiTKOGEN derives its name frooi being 
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ihe basis or constitnent of ihc nitric acid; This 

ia proved by an easy experimcnU If a tube is 
inverted io mercnry in the pneumatic apparatus 
(fig. 19-). and filled with thirteen parts of ni- 
trogen gas and eighty-seven parts of oxygen gasg 
and an electric spark is made to pass through 
this mixture of thegasses, they will be condensed, 
and form pure nitric acid. 

Nitrogen has not been made apparent to ouf 
tenses othertvise then in a state of combination. 
The simplest form is that of a gas, or combined 
with calorie. In this state it forms about 78 
parts in the 100 of our atmosphere, and is that 
partof the common air which will neither sup- 
port flame nor animal life. On (his last account 
it was formerly known by J.he name of axote* 
or axotic gas, because it was destructive of ani- 
mal life. As it constitutes a part of the atmo- 
spheric air, and is incombustible, it is easily 
procured by abstracting that pJrt of the air 
whfch is destroyed by 'combustion, viz-, the oxy- 
gen gas. Thus, if a portion of iron filings and 
sulphur, moistened with water, is put into a 
Ttysel with common air, the oxygen will he ab- 
sorbed, and willed to oxidize the metal and the 
sulphur, and the ftitnigen gas will rcm^n. The 
same efli;ct will be produced by phosphorus 
alone, inclosed in a similar vessel with common 
«ir. TTie phosphorus will undergo a slow com- 

■• Rom thrCfertc privative a [n or al, Latin), and lue, life^ 
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bustion, wiH be oxidized, or converted into phos- 
phoric acid, and the nitrogen gas will reiuaiu 
behind. 

Nitrogen gas is considerably lighter ibaa com- 
mon air, aiid consequently much lighter than 
oxygen gas.. Its specific gravity is to that of 
common air nearly as 94S*€ to 1000. 

It IB iiTiniediaicly destructive of life if breathed 
without a mixture of oxygen gas; though it may 
be doubled whether the animal does nut rather 
die from the want of oxygen gaa than from any 
noxious quality in the nitrogen ; since, wbea 
mixed with the jiarmer, every moment's experi- 
ence convinces us that nitrogen ga^ is not only 
harmless, but even salutary. Its use in the at* 
mosphere appears indeed to be to dilute the oxy> . 
gen, and prevent its loo violent effects on the 
animal frame. 

Thus nitrogen unites with oxygen in two 
Mates ; 33 in a state of mixtnre in atmospheric 
Bir, and in a state of chemical combination in 
the nitric acid. What is called the nitrous acid 
(common aquafortis) is the nitrogen combined 
with a smaller dose of oxygen. When this, or 
. any of thp acids, is stronger than usual, it is said, 
■in chemical language, to be more concentrated, ■ 

Nitrogen gas extinguishes flame for the same 
Kason that it extinguishes Vite, namely, from 
wanting that principle which supports both—* 
oxygen. From this circumstance we may see 
the absurdity of the common practice when % 
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room or a house is set oa 6rc, which \i, to open 
all ihe doors and wiudows, by which a coustant 
supply of frt-sb air is produced, so as to enabre 
the lire to burn with greater %'iolence. 

In the gaseous form there arc two other com- 
bitiations of nitrogen with oxygen, which it is 
proper tu notice from their singular propertiest 
1'he first is that to which one of the first philo- 
■ophers of the present day (Mr. Davy) has given 
the name of the nitrous oxide. It may be taken 
ijito the lungs by breathing, to a certain d^ree, 
with DO dangerous conijequeaccs. But the effect 
is a momentary intoxication with exceedingly 
pleasurable sensations. The efiects, however, 
cease in a very little time, aiid leave no sensation 
of languor behind, as in other cases of intoxica' . 
tioii. The proportion of the ingredients is sup- 
■^oaeJ to be about seven parts of oxygen to twelve 
of nitrogen. 

The second is Chat which is called nilrotis gas^ 
and which is nKrely an unsaturated combination 
of nitrogen with oxygen. Hence it has a very 
strong attraction for oxygen, which it takes even 
ffoui the atmospheric air. When brought into 
contact wilhcnniuion air, therefore, .it rajiidly 
absorbs the oxygen from it, forming nitric acit^ 
and consequently destroys a certain portion of 
the mass. He^nce it was einploytd as a tetf 
of the purity of air (more properly of the <]u3ii- 
■jity of oxygen it contained), and an instrument 
'^'as constructed called the cudioiiiet^. Xlii* 
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was only a glass tube, sttch as that exhibited in 
the pneumatic apparatus, fig. 10. In this was 
inciudeil a certain portion ot' any air which wat 
meant to be tried; to this nitrous gas was ad- 
mitted ; and in proportion as the air in the tube 
was lessened (that is, in proportion to the dimi- 
nution of the oxygen), the air was supposed to 
beihore or less pure. Nitrous gas is estinialcd^ 
from tbc experiments of Mr. Davy, to contain 
about fifty-seven parts in the hundred of o^gen, 
to forty-three of nitrogen. 

IV. Htdroqbn, as its name imports, is the 
basis or constituent of water, being derived from 
the Greek. Sydor, water. Because it is the con- 
stituent of water, however, it does not follow 
that this ingredient constitutes the largest pro* 
portion ; for, in fact, water contains eigbty-five 
parts of oxygen to fifteen of hydrogen. 

Like oxygen, hydrogen is never found but in 
a state of combination ; the nearest approach to 
a state of purity is that in which it is combined 
only with caloric, or in ths form of hydrogen 
gas. 

This gas was formerly known by the name of 
itfflammable air, from its property of easily 
calching^ firu; from the same property it had 
long been known in the coal mines by the name 
of fire damp, where it rose spontaneously to the 
(up of the mine; and if a lighted candle or other 
Raited body came in contact with it, it was pre- 
sently in a blaze. It rises to the top of the 
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mine From it* great levity, being twelve times 
lighter than commoQ air ; and from the same 
property it has been employed for the inflating 
of air balloons. 

Being a constituent part of water, whatever 
process decomposes water will produce hydrof 
gen gas, provided the oxygen is absorbed by any 
matter, or othemise disposed of. Thus, if 
water is dropped gradually through agun>harrei 
made red hot in the middle, the viaXex will be 
decomposed; the oxygen will form an oxide or 
rust with the iron, and the hydrogen will come 
out pure by a tabe at the other end. The same 
e0ect is produced as often as a smith pJuuges a 
red hot iron in water. The hydrogen rises with 
the vapour, and is sensible to the smell, and the 
scales which fall off are oxide of iron. But tbe 
usual method of obtaining hydrogen gas is by 
pouring solphuric acid diluted ^xith water upon 
zinc or iron filings. In this ease the metal is 
converted into an oxide, or rather a salt (sulphat 
uf iron or zinc), which contains a superabundance 
of oxygen. Thus the watery fluid is dccom. 
posed, the oxygen entering inio the composition 
of the salt, while the hydrogen flies oiF in the 
form of hydrogen gas. The sarae apparatus will 
answer for this experiment as ih^ described 
above for the obtaining of oxygen gas. 

If a phial is filled with this gas, and a candle 
is brought to its mouth, it will burn, as it risen 
by iU !«vil>' but of the phial, till the wliok is 
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coDsuD3ed. It is incapable, however^ of sup- 
porting Same or combustion of ilself; for if k 
lighted taper in pliingtdin ajar of hytln^engas^ 
it will immediately be extinguUhed. Theie phac- 
- nomcna admit of an easy exptatutioni on the 
principles already established. Hydn>gea gas 
burns like other combustibles by its strong at- 
traction for oxygen, with which it forms water, 
and both gasses being condensed, ibc caloric 
which kept ibem in the gaseous slate is set free, 
and becomes sensible in the form of flame. The 
aiF of our atmosphere, you have seen, contains 
about twenty-eight parts in a hundred of osygea 
gas, and while there is a frebh giippiy of it the 
hydrogen gas will continue to burn. Hydrogeb 
ga«,'on the contrary, will not of itself support 
combustion, because the presence of oxygen gat 
is absolutely necessary to tjiis effect, which is in 
thifl case the result of the union of these two 
gasses. 

Hydrogen combines with the other simple 
combustibles, forming sulphurated hydrogen gas, 
pbosphorized hydrogen gas, and carbonated hy- 
drogen gas. 

Hydrogen gas is not so pernicious when re- 
spired as some other of the gasses. Jf much 
diluted with common air, indeed, it may be 
breathed without injury. 

V. Phosphorus is one of those simple sub- 
stances which we find in a solid form, though I 
do not know that it is any where found native; 
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<1I that 13 used m philosophj-.and commerce 
being obtainet) by an artiliciat procesis. As in 
the stale of an acid it tbrms one of the consti- 
tuent parts of bones, which are chiefly composed 
of phosphat of lime, it is easily driven off from 
4)urnt bones by a stronger iicld. But the mode 
of obtaining it, and its most conspicuous pro- 
perties, wilt be detailed more at large when we 
treat of combustible bodies. It isTrnly neces- 
sary at present to mention it as a simple sub- 
stance, and to notice its combinations. 

Phosphorus, when pure in colour and sub- 
etance, resembles bees-wax. Its most remark- 
able property is its very strong attraction for 
oxygen, from which circumstance it bums 
sponianeously in the open air at the temperature 
of 43°. — That is, in philosophical language, it 
attracts (he oxygen gas from the atmosphere, 
which becoming condensed, heat and flanie are 
produced, llie consequence is, that the phns^ 
phorus becomes oxidized or converted into an 
acid. Phosphoric acid is heavier than the phos- 
phorus which produced It inr proportion to ihc 
quantity of oxygen which is combined with it. 

ThosphoTus combines with the other simple 
coBibustibles, as well as with many other bodies 
forming phosphurets. 

Vt. SuLPHuais also one of those simple sub- 
stances which is known to exist pure in a solid 
state. It is familiar to ns under the old homely 
aame of brimstone^ and therefore requires no <le* 
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•cription. It is found combined with many 
mineral sabstanced, as arsenic, antimony, cop- 
per, and most of ihc metallic ores, from which 
(being very volatile) it is easily driven off hy 
heat, and collected in proper v^sseld. Bnt I shall 
have tn introduce more observations upon it 
under the class of Combustibles, and thereforu 
have now only to remark its combinations. 

Like pliosphonis, it has a strong attraction' 
for oxygen, and therefore is easily converted into 
an acid by combustion in the open air, A small 
dose of oxygen produces sulphiiroTis acid, a larger 
portion sulphuric acid. The sulphuric acid 
(formerly called the vitriolic) is a very powerful 
agent in chemistry. But of its properties it will 
he necessary to treat under the class of acids. 

Sulphur uniles with the other simple combus- 
tibles, and some other bodies, and forms snl- 
pkurets, 

Vlt. Carbon' Ih certainly a substance very 
plentiliilly diffused throughout nature, since it 
enters into the composition of all vegetable and 
animal bodies. It is, however, only found pure 
and in a solid form in that most estimable of 
gems the diamond, which by v;irious experi- 
ments is found 10 be pure carbon in acrystallizcd 
state. It^is, however, found suHJciemly pure 
for chemical purposes in the charcoal of wood, 
and will be treated of at large under the class of 
combustibles. I have at" present only briefly to 
notice its combinations. 
yoL. II. D 
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With oxygen, carbon fonns carbonic acid, 
which ig i'uund naturally united with several sub- 
stances, ll exists in large quantities, united 
nith chalk, liuK'stoiie, marbles, Sec. and in moat 
mineral waters. It is not, however, to be ob- 
- tained in a simple state by any process, aad the 
purest is in that of carbonic acid gas, which was 
formerly known by ihe^names vf fixed and fixabt& 
air, from its tmiting with chalk, linie, magnesia, 
&c. in a solid form. It was also called mephilic 
(or poisonous) air, irom its destroying life when 
inspired into the lungs ; and was long known to 
miners under the name of choke-damp. 

Carbonic acid, united with the alkalits, lime, 
magnesia, and some other of the earths, reduces 
them to the state of cajhomts, neutralizes ihem, 
and deprives them of their caustic (or burning) 
properties i shall have to add niore upon this 
Biibjcel under the class of Acids. 

With the other simple combustibles, and 
»ome other bodies, carbon unites, forming cut'' 
bur el n. 

VIII. Of the MoRiATic radical little is to be 
said, because it never has been found in an un- 
£ombincd state. It has not been yet obtained 
even in the gaseous state uncombined wiih oxy- 
gen, so strong is its attraction for that sub- 
mance. hi that form, however, the muriatic 
acid is to be procured, and is termed muriatic 
acid gnx. 1 

I'ije muriatic acid is the basis of common salt. 
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bence called muridt of soda. It alia combiaes 
with potass, ammonia, aad many of the earths 
vnd^netals, forming mitrtats. 

It is capable of receiving a larger portion uf 
oxygen than it naturally contains : with a certain 
portion it forms what is called oxymuriatic acid, 
and with still more ht/per-oxymnriatic acid. 7*he 
efiecls of these in bkaching in wonderful, as they 
destroy all vegetable colours whatever. But the 
tubject will be propeily treated under the head 
of Acid j. 

IX. The Alkalies are properly only two,but 
are generally treated as being three in number. 
Two of them, potass andsoda, are termed ihe^yEied 
alkalies; because they do not riee or become vo- 
latile by heal : the third, ammonia, is called the 
volatile alkali, for the opposiie reason. 

Potass was foroierly called the I'f^e^a/'/e alkali, 
because it was obtained from the ashes of land 
vegetables, and was never found in a mineral 
state. Soda was calkd the mineral alkali, be- 
cause it was foimd in some mines, especially in 
Egypt. That which is used in commerce is ob- 
tained from the ashes of certain marine plants, 
and is knowu in commerce under the name of 
barilla. 

These two have been veVy lately decomposed by 
Professor Davy, and are found to be oxides of 
peculiar metals, the nature of which is, however, 
as yet but very little known ; and they may (as 
to the metallic bases at least) be still classed 



I, Google 



- a ^l^kmtistTf. [Lecture Si, 

among siin{)Ie aubatanccB. The diifd, emrnoma, 
has been long ascertaiued to be a com pound of 
nitrogen and hydrogen; an account of it will- 
tbcrefore come properly under the class of Al- 
Jtaline Salts, when Bome further observationa 
will be introduced on the fixed alk^iea. 

X. XI. The earths and metfds will require 
distinct lectures ; and being substances of a pe- 
culiar character, and not entering so copiousljr 
inlo the composition of those bodies which are 
found on the surface of the earth as those I 
bave been describing, any observations on their 
nature or combinations would be foreign to (he 
.object of this lecture. 

I have thus endeavoured to lay liefore you « 
general outline of the doctrines of modern che-' 
mistry. I fear this lecture will appear uninter-' 
esting to many of you. — Tt is, however, of so 
much importatK-e that, if it is well understood, 
it will greatly facilitate Ihe study of alt the 
remaining branches oS this science. WJiat fol- 
lows will be rather a coainient or elucidation of 
the contents of this lecture, and an application of 
its principles to practical purposes. Imtiet there- 
fore recommend your particular attention to it, 
And particularly to those leading principles, which 
I have ventured to term the canons, of modern 
djemist^. 
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CHEMISTRY. 



THE GHSMICiAL BfFfiCTS OF CALORIC; BXFAN'' 
8ION, P0SION,FLDIDITY, VAPOUR, AND COM- 
BUSTION. 

It was necessary in the last lecture to give «■ 
genera) view of the properties of caloric. I fear 
1 shall be thought in the present to be guilty of 
something like repetitinn ; but it is necessary to 
the understanding of the effects of caloric as an^ 
agent in chemistry, to call your attention at pre- 
sent to the subject rather more in detail. 

Ist.Thepresence of caloric expands al! bodies. 
There are three forms under which matter caa^ 
appear. 

Thefirst comprehends solid bodies, as iron. Sec.}' 
the second, unelastic or incompressible fluid bo- 
dies, as water, oil, spirit of wine, &c.; the third,- 
elasticcompre5sible{Iuids,asair. I shall now show 
the efFbcts of caloric in expanding all these. If 
an iron or brass wire of about a quarter of an 
inch in thickness is cut so as when cold to fall 
just witbinside, or short of two rings made to 
receive it, by rubbing it very hard with your 
bands or a piece of clolb it will be made warm, . 
it willconseq^iently be expanded, and lengthened 
sb as to reach both rings, and be suspended iu 
them- while it remain* warm. 
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If spirit of *irie >a contained m an oblong 
vessel, and immersed in hot VMtter, the spirit 
will be observed to rise like the mercury- in a 
thermoineter. 

A bladder, with a little air in it, whi-n heated 
will expand 9t> as almost to burst; but on re^ 
moving it into the cold, it condenses and shrinka 
to ils former stale. 

Rarer and lighter bodies expand more than the 
heavier and denser ; bill this proportion does not 
always exactly correspond lo the respective den- 
sity and rarity of matters } (or metals expand 
more than glass. 

As an exception to this doctrine it has been 
observed, that water suddenly swells ia passing 
from a fluid to a solid state : hut this is to be 
exf lained upon^iffereni principles. Boyle look a 
brass tube, three inches in diameter, and put 
some water into it ; he then brought down into 
the tube a plug with a weight placed at the head 
of it of 74lb., exposing the tube to the cold, 
and the water freezing and expanding itself rais- 
ed the 74]b. The Florentine academicians filled 
a brass globe with water, closing the orifice by 
a well-fitted screw, and immersed it in freezing 
water ; biit as the sides were too thick it did not 
burst. They then pared off* such a quantity of 
ihe brass as left the sides of the globe unable to 
resist the expansion of the water, the force 
which was reijuiretf to burst the globe in this 
state war computed at upwards of 37]OOOlbs. 
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Boylfe says, the expansion of water in freezinri 
is about an eih or 9ih of its bulk. The biirsi- 
tng of leaden pipes placed near or within the 
earth's surface pnicecds from the same (ause- 
The paveipent even suffers from the frost, which 
dwells the earth and loosens the stones ; iiay, 
rocks hare. been known to burst in frosty wea- 
ther. Frost is by some supposed to fertilize, by 
loosening the cohesion of the particics of tarih. 

As ice is nev^r dear or Udnsparenl, and as we 
gild several cartiics in it, some have fhougbt - 
that ihe air inaiduatea' itself, and in this way bare 
endeavoured to account for the expansion. But 
thi» has been refuted by water being frozen un- 
dXr an est.austed receiver, znd the same cavitiei 
being found in the ice ; the ice, indeed, instead 
of being heavier, was lighter, and floatfid on' 
fhe water, M. ]>. Mairaa at length solved 
Ihe di ffieulty. He says, the panicles of water 
HI freezing aa^ume a different arrangement, artf 
not in so elose contact, ami eut each other at 
angles of 60°. If this is the case, ihen, as in- 
deed is now generally agreed, we cannot say with 
propriety that the solid particles of water expand, 
but that from their crystallization into the form' 
of ic« they require more room, or occupy a 
greater s^ace. 

As salts are observed in crystallization to put? 
en regular figuies, it was thought that the siar- 
like appearance of snow was owing to a salt 
nHxed tvilh the water ; but MargrafF proved 
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that snow is in fact composed of the purest 
waier, 

Reaumur observes that cast iron melted in 
passing from a hot to a cold state expands. 
This effect is more sensible in this than in any 
other of iht nietais, on account of its plaley 
texture. He found also that cast iron thrown 
among some of the same metal in a melted state 
swims upon the lop. In this case of immediate 
expansion upon congealing, the iron sceins to 
agree with water. But they dlfftr in this, 
that the iron "ever expands by cold afterwards, 
whereas the ice being exposed to grealer degrees 
of cold becomes still more bulky ; the solid 
parts not being so closely connected form a parti* 
cular arrangement, which renders the whole 
mass specifically lighter than before. 

Denser bodies for the most part expand less 
' than rarer; but this I observed is not an invariable 
rule, for metals expand more than glass or stones. 
The expansion of metals was found a great ul>« 
Btructjon to the regular going of clncka> but is ob- 
viated now by the ingenious contrlvanceof making 
use of two different metals, which do not expand 
•qually, in constructing the pendulums. 

Of the three classes of bodies which compose 
the universe, solid bodies suffer the least expan- 
sion from the presence of caloric. Liquids 
are more expansible than solids; and aeriform. 
6uids are most expansible of all. By the accu- 
jate cxperimeiitE of Mt, Dalton of MancheBtee^ 
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-ii was foond that aH giUses, or a£nfonn fluida, 
imdei^ the lame expansion by the same de- 
grees of heat, Kupposingthe circumstances the 
same. It may be useful to note, that he found 
by- his experiments that 100 parts of air by be- 
ing heated from Jj*^ to 8IS° expanded to 13$^.' 
The- steam of water and the vapour of ether 
mdergo the same expansion with air when the 
same addition is made to their temperature : 
bence-aU elasUc fluids may be said to expand' 
equally aad uniformly by heat. 

W^iat is remarlud>ie, bodies^ though expand- 
ed by caloric, never sufier any increase of weight 
ffom ' its~ pretence. Muachenbroeck says that 
iKmwhen heated loses i-iooth of a grain in^ 
the cubiC' inch, and the same quantity of lead ^ 
loses 4:gTaiBs, but when cool they retiim to ' 
their' former weight. This loss of weight, 
however, ■ is rather owing to the rarefaction of* 
the air round the scale ; thepressure of theat-- 
mosphere ou' the scale being lessened, the metal 
weighs lighter J. the heat might also expand the 
aide of the beam,- and render it false. 

When we speak of the specific gravity of bo- 
dtes,- we ooght to mention the d^rees of ' heat ; - 
for the spocifio gravity is different in winter and - 
insumoier, agd this is owing lo the expansion- trf 
the body by -the presence of a larger i]uantity of 
caloric. - Boerhaave supposes that^r, whh:h is 
the lightest- body, might be made Is assume the 
dmstty of - goldv 
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Id the second pUce>T have to notice the distribur 
tion of caloric or heat. That substances, when 
beate^ abovethe temperature of those boditiwhich 
surround them (a bar of iroa for inatanpe), itoon 
part with their superfluous caloric (in otlier words 
cool) is well known : and in hke manner a cold 
body introduced into a warm place soon ac- 
quires the temperature of- that place. The 
.distribution of heat is more rapid in propottion 
to the conUct of parts ; hence th.e ejceaaive 
slowness with which heat is communicated to 
those bodies which are rare and tpongy, and 
h^nce iu celerity in hacd bodies. If a rod of iroa 
is put into the die fora little time» the end which 
is at a gopd distance from the fire will almost 
bum the band, but a stick will be burnt to ashes 
before the other end is heated. We find caloric 
greatly retarded by cork, and still more by fear 
thers and wool. Hence arises the distinction of 
goa4 and bad conductors ; — the iron is a better 
conductor of caloric than the wood, and the 
wood is still better than cork, or feathers. The 
difference in the cooling of hot bodies depend* 
much upon their goodness as conductors. When 
mercury and water, each heated to the samt: 
degree, are placed iu similar circumstances, the 
mercury cools twice as fast as the water. Straw, 
flannel, and feather- beds are considered as warm; 
but they have no heat in themselves, for they 
keep in fact any body cool better than other sub- 
stances, as ice in ice-houses is kept under straw ~ 
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These bodies hinder the csloric from escaping, 
their inlemices being filled with air, which is 
the rarest of fluids. Snow keeps the ground 
warm also, from its being of a soft and spongy 
texture. It ia true it cannot keep the ground 
warmer thaa the freezing point, but this is warm 
when Compared with the intense cold felt in 
several climates, frequently 32° below frost ; the 
freeaing point being as much warnitr than this", 
as our suoimer v^eather is hotter than frost. 

Fluiduconveyheat very readily. Air cools bodies 
extremely fast. This, however, may depend 
upon th« expansibility of air when heated, 
which will produce the eflects of a constant 
change. Thus, if I expose a hot body to the air 
to cool, the air that is in contact with it expands 
and becomes lighter, consequently is driven up- 
wards } and thus there is a constant succession 
of cold air applied to the body : and if we place 
the heated body between the sunshine and a wall, 
we shall see the rarelied vapour rising like an uii< 
dulating smoke upon the wall. The reason why 
we see it is, because the rays of light which 
pass through these steams are turned aside ; by 
this means' the wall is-less illuminated in thi» 
part than' the rest, and therefore we see the sba* 
dow : for. the same reason that we see the sha- 
dow of smoke. This- circumstance makes ob'- 
jects seem to change place and trennble, when 
viewed through the rarefied atmosphere of a 
, heated field when tbe sua shinvs' upon it ; , the : 
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^Mid eonUuDcd in Ibe eartb snd [^ants constanlly- 
cvaporatiag, and the vapours having a tendency 
itpwardi. It is owing to this tendency upwards 
ihat iron or any olhcr body will heat a body held 
over IE soonef than under it. Hence the cold 
observed at sea upon approaching mountains of 
ice : the cold air being condensed falls down the 
sides of the ice and float!) along thei sarface of 
the sea. A vessel of water being placed over the 
fire, the heat expands and renders lighter the 
bottom of the water, which of course ascend» 
to the top, while another part, denser and cold- 
er, falls to the bottom; and thus there is «. 
constant circulation from the under to the upper 
■part of the vessel. When we have occasion to 
heat glass all over it is very apt to break, if the 
iire is not equally applied. For this end we im- 
merse the vessel in water, using the operation of: 
the balneum marise, as it is improperly called. 

From the nature of fluids, deep lakes of wa- 
ter do 'not freeze in the winter: the cold air 
rushing over the surface, a portion of the water 
at the top being thus rendered heavier will sink,, 
and its place be supplied with a warmer portion 
from below, which in its turn must also be cool- 
ed. Thus the cold air has the whole heat o£ 
the water to carry away, which is frequently 
not done during a winter. Hence the equ^ 
temperature upon the ocean and upon islimds, 
when compared with continents in the same de- 
gree of latitude. 



:sdi.,Google 



Bat the eqaal diatributioB of calorie or heat: 
does not seem to-agree wiih Bome phfenomena ' 
which frequently occur. The highest parts of 
theairarethe ooldest, and the contrary. Onthe- . 
Alps, Pyrenean mouiitains, &c., the ice and^ 
snow are higher than the clouds, and seem to< 
iaerease; and w6 ar» further oonviaeed of the 
eoM of the superior parts of the atmosphere by. 
showers of hat) which fall in the summer. 

This distribution of heat has been explained in-, 
different ways ; but the real principle is as fol- 
lows : II appears that the sun is the source of 
heat to this globe, and we must observe- that the - 
rays of the sun do not heat a body that is per* 
lectly transparent. When the body is not per- 
fectly transparent, and reflects some few of the - 
raySj it is sohiewhat heated, though nothing \a.- 
comparison with opake bodies. Hence black, 
bodies are soonest healed. If. a bnrning glass - 
is so placed that the focus falls a little below the - 
surfaceof a transparent water, it does not heat the 
water : if then you plunge a stick into that part . 
of the water, it will be immediately burnt to a 
coal in its interior parts, the surrounding water 
preserving the exterior ones. Tlie rays of the 
sun, therefore, not heating transparent bodies, , 
ih'ey have little effect upon the air; but the upper 
part is more transparent than the under, and the 
lower parts-receive almost all their heat in a se- 
condary manner by reflection from the earth.- 
But it still remuns to show why the lowest papt 
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continues wavtnesi, and does upt-dse, as la' the 
other fluids. This fact waa partly explained in 
a former lecture. Air is a tluid very diSereot 
from water, it is-very coHipre?siWe. The ainoor 
epbere may be supposed to be composed of very 
ecceniiic layers, the lowest layer being the 
-densest. Tlie lower stFata>. then, are rarefied.ii 
Jiltle by heat, but are compressed by the supe- 
rior j and the heat is preserved by this compre^ 
sioit of the superior air on the surface of the 
earth, where it is intended to act. 

The coldness of the air seems to condense the 
vapours, and causes them to fa^t in showers, 
upon which the h£e of vegeiables depends. This 
shows the nee of planting the superior parts of a 
, country. As green-houses made of.glass receive 
the heal transmitted through it, but confine the 
ail when heated; so, on the contrary, the ground 
that is quiic exposed and naked has its heal so 
i]uivkly carried away by scorching winds that it 
is rendered barren. 

3dly. Fluidity, as was formerly mentioned, it 
one- of the most general eS<:ets of heat. Not 
only solid bodies, we find, may be rendered fluid 
by heat alone, but eren those bodies which ge- 
nerally appear flaid, owe their fluidity to the 
caloric they contain, which being sufficiently 
diminished, they become solid. It- is somewhat 
remarkable that mixtures of bodies generally 
melt more easily than the bodies by themselves; 
ti£tbts wehareanjnstanceinmeulsj.but (his is 
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only an. increase of the disposition to fluidity, 
which depends upon caloric at last. Some bo- 
dies reqipre the most inleiisc colli for their cdn^ 
gelation,' the smallest is sufficient to freeze 
others. . Before Profesflor Braun^.it wm thought 
that mercury was not t» be frozen. ■ 

. The only parts of matter that .have shown a 
repugnancy to become fluid, are some earths and 
stones, but these xre few in number, and the 
number has still been diminished since the ap* 
plication of buFning-glaMcs.. Those bodies 
which cannot melt by themselves, melt in mix- 
ture with others; we may therefore reasonably 
conclude they would becodne fluid, if we could 
apply a sufficient dcgtee of heat, and in a, proper 
manner. 

There is this diflerence between expansion and 
fluidity, that in expansion there is a regular in* 
crease and contraction of bulk, according to th« 
degree of heal; whereas in fluidity the transition 
from a fliud to a solid state, or the comnary, is 
■udden, and below or above a- particular point of 
heat a body always remains fluid or tfolid. There 
are, however, some bodies which appear in an 
intermediate state of fluidity, as wax, sulphur, 
pitch, tallow, &c.;yet every pariiciiJar degita of 
softness depends upon a particular degree of 
beat, and the. point at which they become fluid 
is still a settled one. 

This pmnt is called their melting pointy whiab 
in the undermentioned subatancesJs as follows t 
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I*wi- - 594* Mill: - SO' 

Ksmalb- 370 Vinegar - 29 
Tin - 44« Mood' - «*■ 
Sulphur 9i« OH oF Ber^mot S3 - 
Wax- • 143 WiRcs - 90- 
Spermaceti 133 Oilof tarpenttne 14 
liiospbonu 100 Salphuricacid sebelowOi- 
Tidlow - gs M^ury - 39.- 
Oil of anise 50 Ziquid uamonia 46 - 
Olive oil- - 36 Etber- - 46 
Ice - - 33- Nitric acid ' 66 

In general those solid bodies which crystalKze'- 
have no interval between solidity and fluidity,- 
whilethese which do not assume the crystallized 
form- exhibit that gradual softening which I' 
just now remarked. 

Some bodies, alter having appeared in a fiuid 
stale by-meam of heat, concrete again into the 
■ame form as before ihey were melted, as s&tt, ice, . 
the metals, t-sptcially gold and silver ; the melting . 
<^thesebudies is q3.\\c6 fW'ion. There are other 
bodies, as earths, stones, oxides of metals, which ' 
wfler alteration aad concrete into masses like glass, - 
of a bard and brittle nature, and whose particles, - 
when broken, have hard and polished surfaces. 
The making of this -glassy concretion is called • 
vHrification. When these masse* are mixtd^ 
wilb metala - we' apply (he name of scotub j but : 
if these budies arc melted over again, they at~ 
ilaya a[^>ear under the same form of glass ocr> 
wavntt u before. 
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Fluidity bas hithetto been considered as de- 
pending upon ihe quantity of BeOsible or obvious- 
heat ; but though it may render the subject ra- 
ther comfrfex, we shall find there is something 
else to be attended to. Fwm facts and experi- 
ments it is proved that fluidity does nol depenct 
upon the sensible heat, or that which we per- 
ceive in bodies by our senses, and the thermo- 
meter, but upon a certain CLuantity of what Dr. 
Black called Jatent heat, impercepiibtc to us, but 
ready to emerge on propet occasions, and assume 
a sensible form. I mean by obvious oc sensible 
beat, that which is so tar in a fluctuating state^ 
that if you apply any body which contains an 
excess of it to a cooler one, it immediately leaves 
the hotter, and flies to the cooler body, so as to 
Kstore an eqiulihrium. This will be the case of 
aTI bodies which are condnctorK of caloric or 
li^at, and in proportion to their conducting 
power, while they do not change their states 
but whert they are about to change, their tern- 
penuure or sensible beat is not increased, for 
the caloric is absorbed, and, instead of being, 
sensible, serves to tender theoi ftuid. Thus ice 
eonducts caloric at any degree below the freezing 
point, and a sensible increase of the temperature 
tnay be olwerved in it till it reaches that pointy. 
t\z. agoj.but when it has attained- that degree it 
will remain at or near it till the whole is melted. 
The reason is clear, that when arrived at ihia- 
BoiQt,^ the body ii ina.itaU fdr the abaorptioa. 
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of caloric, whk'h process goes on wilhont any 
kiQTcase of temperature till the whole ia rendered 
fluid. In proof, I tihall instance the slowness 
with which ic^ nnd snow melt. When a thawr 
comes on when the heat is far above the degree 
of froBi, though the ice ia constantly surroundeth 
by air warmer, than itaelf^ and constanily recei?- 
- tng heat from it, yet it will be hours, sometime* 
days, in dissolving. If nothing was necessary 
to produec fluidity but mere tensible heat, we 
might eipect, that after it begins to melt a short 
time would be sufficient to melt the whole; but 
since it is BO long in disEulving, and its hest ia 
not increased above the freezing point, nor ths 
water that runs from it above thirty-two or thirty^ 
three degrees, this obvious heat, or, in .more phi- 
losophical terms, this cscess of caloric, to which 
it is exposed must be absorbed, and become la- 
tent. It is owing to this that ice can be pre- 
served in ice-houses, and that large masses of 
ice and snow remain at the tops of monntaias 
whose heat is considerably above the IreeziDg 
point. 

If, on the other hand, we expose water to 
freeze, and put a thermometer into vt, at first 
•uppoge it is twenty degrees warmer than the 
cold air, it will lose a great many degrees during 
the flrst live minutes, less the next, and so on; 
jn half an hour (if the temperature of the air is 
below frost) it will have airived at that tempe- 
rature, and w« stiould expect that in two or three 
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minutes all of it would be frozen, if it depended 
only upon a diminution of sensible heal; but 
this is not the case, for we find at first a Bmall 
jiart of it freezing, and gradually increasiitg in 
the congelation. All this time the water eon- 
tinucs at thirty-two degrees, which is perhaps 
one or two above the temperature of the air to 
which it is ex)>osed. Now since it is known 
that if a colder body is applied to a warmer it 
will soon become of the same temperature, what 
prevents the water from becoming of the stme 
temperature with the air to which it is exposed } 
It is dmibtless owing to the caloric, which had 
been latent, emerging and becoming obvious or 
sensible as soon any particle of the water freezes, 
and as soon as this is all exhausted, the nusi 
becomes solid and of the same temperature will) 
the air. The quantity of caloric which thus 
emerges when a fluid body passes into a solid 
state might be estimated, if the temperature of 
the air would continue the same for % sufEcient 
length of time. From all this it is plain that the 
combination of a certain portipn (or dose in the 
chemical language) of caloric with ice^ turns it 
into water, and the removing qr taking away of 
that portion of caloric converts it again into ice. 
Thus water is a comiiound of ice and of caloric; 
and indeed all fluids (ficcording to the first 
{anon of chemistry) are combiaatlons of thf 
lolid, and a certain dose of caloKc. . The quarts 
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lity of caloric necessary to render icff at 39* 
fluid is 140°. 

There were disputes in Fahrenheit's time about 
Uie rarefaction of ice, whether it depended on- 
the air contained in it during its fluidity. He 
imagined that if he extracted the air from water, 
he could prodnce an ice heavier than water. He 
extracted, therefore, the air from small giaea- 
globes filled" with water, and after exposing them 
to an iutenRe cold, they were a long time in 
freezing, though cooled greatly below the freez- 
ing point; but upon breaking them to examine 
them, the air rushcJ in, which, from the sudden 
shock, occasioned the water to freeze in a mo- 
ment. 

He afterwards found that simple agitation had- 
the same efl'ect. If water is set at rest, it may be' 
eooled' several degrees, as scTcn, eight, nine, or 
ten, below the freezing point, without being 
eongealed; but if touched with a bit of ice, or 
theendof a wire, or if the vessel is agitated, the 
congelation pervades it like a flash of lightning. 
This is confirmed by Mairan in his treatise of 
firost. He exposed small drin king-glasses full 
of water, which mi^t be cooled below the 
freezing point, and if left undistur^edj might 
remain «o, but upon being agitated theyfroze 
immediately; and if a thermometer was put to 
the water during its freezing, the moment it wafc 
frozraiit rose up to the congealing point; there- 
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fere a quantity oF Istent caloric vaemi to have 
-quitted the water ; only part of the water wa* 
.congealed intoaapoogy substaace, which con- 
taiuetl water io its pores ; the water was eight 
io\ nine degrees below frost, and uiddenly be- 
came wanner.. Here we see a quantity of latent 
caloric suddenly emet^es. These expcj-imeuta 
not only prove the existence of latent caloric 
before the water freezes, but likewise that the 
freezing does not depend on the diminution of 
sensible heat, since we find it may retain its 
fluidity, though cooled eight degrees below the 
freezing point : nor does it depend merely on its 
tranquillity \ for, If it did, we should expect, upon 
disturbing il, that the whole would be congealed : 
this does not happen ; and the reason is, that a 
quantity of latent caloric is impelicd inwards,- 
which raises ihe temperature above thirty-two 
degrees, below which it must tall before it can 
be frozen. In ihe ordinary freezing of water 
something happens like this, though by insensi- 
ble degrees ; when water is exposed to freeze, be- 
fore the whole of it is converted inio ice, it must 
all the time be imparting heat to the air. 

Several facts and phaenmnena are explained 
upon this principle, as the production of cold by 
a mixture of ice with the nitric acid or saline 
substances. If the nitric acid is mixed with ice 
or snow, there will be a sudden liquefaction^ 
consequieatljr 4 sudden ahsorptiun of caloric. 
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which will produce a d^ree of cold in the sur- 
rounding r^ion. 

MiKiure in general promote3 liquefaction. In 
this instance a most iutense cold is produced, 
and the cau^e is as follows : If I can liquefy ice, 
I know I must throw in a pr<idtgioiis quantity of 
obvious btat or caloric, and which must imoic- 
diately become latent in Ihe liquid, and hence it 
is not discoverable by a ihemiometer. By pro- 
ducing a sudden liquefaction of ice, the cold is 
so great that all the neighbouring bodies must 
supply or communicate from their obvious heat 
the caloric that is to become latent in this lique- 
faction, and to restore the equilibrium ; and thug 
it proves-in this experimeni. If I pour a quan- 
tity of nitric acid upon ice, it immediately liqne- 
fics, and produces a great increase of cold. This 
is no other than ihe obvious heat turned into the 
latent, to supply the newly produced fluid. ITiis 
experiment is just ihft contrary of that where 
you have water cooled some degrees below the 
freezing point, and if it is at rest it does not 
freeze ; but if you shake the glass you make a 
portion of it fri'eze : ibis, on becoming solid, 
parts with its latent caloric, which becomes ob- 
vious, and by its means the water which has not 
frozen has its temperature raised. 

The fourth general effect of heat is the for- 
mation of VAPOUR. By vapour I mean a trans- 
parent fluid, which, like air, is compressible 



:sdi.,Google 



Ckemhal Effvcls of Caloric, &c. 7 1 

and very elailic* and-Tchicb luSere great a1- 
teraiiun in Us bulk from conniderable ac- 
eessions of heat. If a drop of waicr is placed 
on the bottom of an exhausted receiver, it wiit 
suddenly disappear, and he converted into a 
sublile vapour which will fill the vessel ; and iu 
pressure against the internal surface will be bo 
strong when heattd to a certain degree, that it 
will be almost inipuE^ible to confine it, and it 
will often burst the vessel with a loud explosion. 
This effect of the force of vapour is sufficiently 
exemplified by the email pieces of glass called 
candle balls, which burst by lh« expansion of 
the vapour. This great expansion of the vapour 
is the true cause of the danger of throwing water 
into boiling oils or melted meiaU, especially 
brass or copper. The water being a heavier 
fluid than the oil falls to the bottom, where it is 
immediately converted inio vapour, and causes a 
violent ebullition. A snidll quantity of liuraidi- 
ty when mixed with hot metals, will be convert- 
ed into vapour with such rapidity as to produce 
a more violent explosion than gunpowder. 
Hence the danger of casting copper or iron ves- 
selsj for, if the fluid metal meets with t|ie least 
moisture in its passage from the furnace to the 
mould, the watery particles are instantly expand- 
ed, and throw the burning metal to a consider- 
able distance. Vapour, when condensed, re- 
sumes ils former state; and upon ihese princi- 
ples> viz, the elasticity and condensibility of 
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vaponTf d^iendi the oonitmctlm of the steam- 
engine, as was furnierly ex|Uained. 

To compare Ae weight of ateuoor vapour with 
that of water, place a flask with a small quantity 
of water in ii beforethe fire; the moment the 
whole of the water is converted into vnpour, 
close the vessel, and it will then be filled with 
«team. Weigh the veasel thus filled with steam, 
weigh it again filled with air, and lastiy lilleii 
with watfr. Tbis will give you the weight of 
steam compared with that of water, which is in 
the proportion of about 1 664 to 1 . 

The point at which a fiuid is converted into 
vapour depends upon a certain degree of heat, 
and this we ca!! the vaporitic or boiling point, 
which (lifl'ers widely in different bodie?. The 
terms votalilUi/ and Jixedness 3.K oii\y terms of 
comparison. Thus, when we say a body is vo- 
latile, we only mean that it requires leas heat to 
convert it into vapoiit than most other bodies; 
and by a-contrary reason we define bwiics fixed. 
Thcvaporific point is always the same in the same 
bodies^ It agrees in lUig with the effect of heal 
in producing fliiiiliiy, but the vaporific point is" 
remarkably influenced by mechaniciil pressure. 
The greater the pressure, the greater ihe degree 
of heat necessary lo convert the fluid into va- 
pour. Fahrenheit, by iHe barometer, observed 
that according to the greater nr less pressure of 
tiie atmosphere, a fluid required a gi-ealer or less 
.degree of heat to convert it into vapour; be 
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marked the vaporilic point of water on hit ther- 
mometer at the mean height 319. If water, bow- 
ever, can be prevented from going off in steam, as 
it may by means of a particular contrivance, it will 
accjuire a degr^ of heat equal to that of mctali 
when red-hot. The machine for this purpose is 
called Papin'sDigester, and is a copper vessel half . 
filled with water, the head screwed in and well 
]uled:'whenthe water is so hot as to send off va- 
pour, its escape is prevented by means of a weight 
andleveracrossthelid, which confineit in propor- 
tion to the increased pressure of the vapour. The 
water by these means acquires a degree of heat, 
which Muschenbroek says lie found sufficient 
to melt lead or tin. Bones have by these means 
been totally dissolved in water, and reduced to 
their constituent parts, nothing remaining but 
earth or ashes, which may be easily crumbled 
between the fingers. 

As the vaporific point is alwayii the same un-- 
der the same pressure, we may consider it as al- 
ways the same in the open air ; at least it dora 
not vary more than ihrte degrees. It is a mat- 
ter of curiosity to examine the difference of the 
vaporific point of any liquor under the exhausted 
receiver, and when exposed to the pressure of 
the atmosphere. It is found that water boils in 
vacuo at ninety degrees. 

When a single drop of water is heated to he 
vaporific point it immediately becomes vapourj 
but if the quantity is more considerable, tre 

VOL. 11. E 
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phieaomenon will be varied. For, if a quantity 
of water is thmwn into an iron veascl heated 
retl-hot, it will seem to run about the vessel like 
quicksilver, but without touching the bottom or 
sides of the vessel. The reason is, the water 
nearest the bottom and sides is converted into 
vapour, which prevents the water coming into 
contact with the vessel. 'This is the reason, too, 
that a lump of iron dropped into water continues 
red-hot for somf; little time, fur the water nearest 
the iron being instantly converted into elastic 
vapour, keeps off the rest of ihe fluid. 

Water does not become hotter by being boiled 
long. This phsenomenon has been variously 
accounted for: some supposed that water will 
not contain above a certain quantity of heat ; the 
additional heal, they say, bursts through ibe 
fluid, and j^ives it a bubbling motion. Others have 
supposed that the air contained in the water be- 
comes elastic by ilie heat, and forces iis way 
through the fluid. Neither of these theories is, 
however, satisfactory ; but the true explanation is 
easy. In the common way of boiling water, 
the bottom of ihe fluid arriving at that point of 
heat, beyond which it cannot continue without 
being converted into vapour^ is thrown up ia 
vapour to the surface, and this occasions the 
violent ebullition obsen-rd there. Thus the 
auantiiy of water is diminished, while its heat 
is not, and cannot be, increased; for, after the 
fluid has been raised to its boiling point, the 
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coatiuued appticauon of heat converts it uixA 
vapour, but does not make it hotter. In this 
conversion of water into vapour, it will be fbHiid 
by some experiments that the caloric applied to 
the water disappears, and becomes latent in the 
vapour. 

The degree of sensible heat is only necessary 
as a condition, hut is not the immediate cause of 
the conversion of a fluid into vapour. If we 
observe the beating of water in a furnace, we 
sball find that the heat flows into it very fast till 
it arrives at the boiling or vapnriSc point. Sup- 
pose in the last five minutes its heat is imcreased 
ten degrees, in the next five we should imagine 
it would be at least six or seven degrees more; 
and that this would be sufficient to convert the 
wbole into vapour; and it would be so if no- 
thing more was rwjuisite for this effect than 
seusible heat: but this is, not the case, for in 
reality very Vittlc nf the water is evaporated, and 
the remainder is not sensibly hotter. 

Water more easily or with less heat boils in 
vaciK> than under ibe pressure of the atmosphere 
(viz. at ninety or ninety-five degrees^; but to 
convert it all suddenly into vapour requires as 
much or more fuel thim in the common way 
over an open fire can be applied to it, i 

Boyle placed some warm water, which he ha4 
previously boiled, to extract its air under an ex- 
hausted receiver. On applying heat, the water 
boiled violently at « d^ree of heat not much 
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above that of the humaa blood. Dr. Culka 
also placed ctfaer under the receiver of an ur- 
pump, into which be could let dowo or ratBe a 
thermometer at pleature, without admitting the 
external air< He no sooner began to extract the 
air than the ether was thrown into a violent agi* 
tatlon or boiling, at the same time its tempera- 
ture sunk to a surprising degree. When ths 
ether was first put in, it was about fifty-eight 
degrpe«, but it became so cold when boihng, that 
a quantity of water in a surronnding vessel was 
suddenly ^zen. The manner the ph«nome-> 
non is to be aocounled for it this : the weight of 
the atmosphere beiog romoTed, the caloric the 
ether contained was sufficient to make i( boil. 
. The beat that disappeared, or, in other woids, 
the cold that was produced, while the ether was 
boiling is easily accounted for. The boiling of 
the ether, like the boiling of water, arose from 
the conversion of the fluid into a vapour more 
aubtile than itself; but the conversion twnld not 
take place without the absorption of a consider- 
able quantity of caloric, that is, much of the 
sensible heat of the fluid became lateitit in va- 
pour. Now it is well known that water and 
spirit of wine boil in vacuo 13S degrees below 
their boiling point tmder the pressure of the ai- 
moiphere. It is natural, therefore,- for ether, 
wbkh boils in the open air, when heated lo 
about the heat of the human blood, to boil in 
ncBO.twCDty-fouE degrees below 0, whkih is k 
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degree of cold sufficient to freeze any witer thai 
ioay be in coniact with the vauei which contain* 
the ether. 

This ezpernnent ought to be attended to, be- 
caa^e it is a clear proof that the sudden dimi- 
nution of beat is not alwayi occaEioned by its 
beiDg taken away by the fltirrounding matter. 
- I'his evaporation at low temperatuTea ie not 
confined to liqaids; many solids are also sus- 
ceptible of it withoDt previously passing throi^h 
&x fluid sute, of which camphor and carbonate 
•f ammonia are familiar examples. These very 
■ubstances, however, as well as others which have 
been supposed incapable of liquefaction from 
their volatility, ate, in tbe common processes for 
purifying them, reduded to the liquid state, and 
even made to boil in vessels freety cominnnicat- 
tng with tbe external air. 

-Hence may be understood the natnre of seve- 
ral chemical operations, as evaporation, tiistiUa- 
tion, and sullimation. These processes are per- 
formed on bodies composed oF different ingre- 
dients, some of which are more easily volatilized 
than others. The most volatile will be first 
converted into vapour. If we take a mass of 
clay, water, and quicksilver, if we expose this 
mass to heat, the water will first rise In v^our, 
and be entirely expelled before the mercury be- 
gins to rise, and this vapour may be condensed 
into pure water. By increasing the ht-at the 
qutcksitver wilh rise also, and leave the clay bjg 
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itself. The process is called evaporalien, and is 
used when we wish to obtain the more fixed 
parts, and are not solicitous about the volatile, 
as in the making of salt. When the volatile 
parls are the object, the proccBS is calkdeiiher 
distillation or sublimation ; the former when the 
vapours condense into fluids, the latter into so- 
lids. The product of sublimation is called sul- 
limale, when it is close and compact; it is called 
flowers when its texture is loose like soot. 
: Animal and vegetable substances are composed- 
of various ingredients, which, may be separated 
by the apfdication of heat. But beat operates 
upon them in a didereat manner from what it 
does on other substances. If a piece of flesh is 
exposed to heat, it is^not like iron expanded, but 
OQ the contrary is contracted ; for the humid 
parts fly off, and leave, only tlie fixed o> denser 
parts behind. 

. Heat applied to animal substances does not 
convert them into a vapour that may be con- 
densed into any substance of the same kind, but 
into oil, water, charcoal, and some saline sub- 
ctauces. When tiie volatile parts are evaporated, 
the remainder has a diirerent arrangement from 
what it had before. 

It may seem rash to assert that boat has a 
power of bringing into fusion and volatilizatioQ 
all bodies without exception, as we have not suf- 
ficient data or experiments to render this opi- 
nion absolutely c<jrtain; for ail ihoKe earthy ^uh- 
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stances that have been rendered fluid have not a* 
yet been converted into vapour, and there are 
some earthy Eubstances that have not even been 
brought into fusion. 

Some aieta1s> cipecially gold and silver, were 
once thought to be absolutely fixed. Boyle 
took a small quantity of each, and exposed them 
Sot two months to a glass- liuuse. furnace, and ^ 
. the end of this lime he found them not altered. 
They have since, however, been brought to emit 
very sensible vapouro frum the more intense heat 
ef a burning-glass. Hence we have some reason 
to conclude, tliat with sufHcient heat the earthy 
sul^tancej also might be fused and volatilized. 

V. The last of the more general eflfects of 
caloric is combustion ; but this effect i» not so 
general as the former, since there is only one' 
class of bodies susceptible of it, beacc oalled 
combustible bo^es. 

The distinction between them and others isy 
that the bodies which are not combustible are - 
not altered by heat )B a perinaneiit manner, nor 
id the caloric which they receive at all incrcasedy 
but is readily transmitted. Combustible bodies, 
on the contrary, are, when inflamed, sources of 
light and heat. Their capacity of producing 
light and heat is, however, in time exhausted), 
and when we examine what remains we find 
them greatly changed; they appear to be differ- 
ent substances, and are no lunger combustible. 
All bodies that are not combustible are ready 



I, Google 



80 Cltemistry. [Lecture 36. 

to receive caloric, and part with it again, giviag 
out the same quantity, neither more nor less. 
If a red-hot stone is thrown into a quantity of 
water, the heat seems to be extinguished or an- 
nihilated, but this heat is not lost. I do not 
positively assert that caloric is never destroyed, 
or, more pro ))erlr, changed in its nature; I only 
say it is a fallacious way of judging of the loss 
of heat by our senses. It is very clear, that 
■when bodies receive caloric in the usual manner, 
they retain or part <ivith it in a sensible manner, 
except in the case of combination, or latent ca- 
loric. We may cause a body not inflammable 
to retain heat longer by surrounding it with bo- 
dies of a looser texture; but whatever pains we 
take the body will cool in time, and the caloric 
will communicate itself to the surrounding mat> 
ter : hut such is the nature of combustible bo- 
dies, that, when heated to a certain degree in the 
air, they not only become hot, but by proper 
management they may be heated to any degree, 
and the heat which is thus generated may be 
communicated to other bodies witho'.tt any loss 
of heat to the combustible bodies: they are in 
general also luminous; lience their uses in che- 
mistry and the arts. While the stream of beat 
and light flows from them, they are consumed 
or changed into A difTerent matter, which cools 
or heats in the usual manner, and is uo longer 
combustible. 
'. Soma combustible substances have been 
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ib'ou^t exceptions to ihis, as spirit of wine 
highly rectified. To a rude observer it seems (o 
be totally conflomed during its in6anitnittioD> 
and he is apt to conclude that the spirit of 
wine is not converted into a matter no longer 
eombustiUe*. The reason of the phsenomenon 
tBf that when we set the spirit of wJoe on firc^ 
the flame continues clear without smoke till the 
last drop of the fluid is consumed^ and nothing 
remains in the vessel. But here is a deception, 
for a great quantity of matter escapes from the 
spirit that evades the cognizance of our senses; 
lliis may be proved by placing a boilow vessel 
ever the flame, which confining and cooling it, 
the interual surface of the vessel will be bedewid 
with awateiy moisture. Some have imagined it to 
be one-third of the spirit, others one-half, and ~ 
ethers three-fourths ; the fact is, however, that 
bi^ly rectified S{nrit affords rather more than 
its own weight of water by combustion. 

The reason we do not see the watery part 
evaporate is, that the fluid is converted into va- 
pour in so gradual a manner, that it is impossi- 
ble to discover it by our senses, unless we vuk 
those means of collecting and condennng it. 
Sulphur is aiwtber substance which former che- 
mists imagined was consumed or destroyed 
wholly by fire j but by en easy enperiment we 
6ad that a qnaolity of acid is thrown off during 
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the combustion, which is eqaal in weight to the 
aubttance which produced it. 
. The theory of combustion ia now indeed as 
well undersiood as most facts in chemistry. 
According to the second canon I have laid down> 
combustible bodies are such as will readily C(»n* 
Inne with oxygen gas ; consequently, when any 
■uch body is raised to a certain temperature, it 
begins to be decomposed, and to combine with 
the oxygen of the atmosphere, and this oxygen 
during its combination lets go the caloric with 
which in the state of air or gas it was combined. 
Hence combustion consists of two things, a de- 
composition, and a combination; and the sub- 
stance which has undergone combustion it es* 
centially altered; it is, in fact, a compound of 
the body which has been subjected to combustioa 
Mid oxygen. It is of course incombustible, be- 
Muse its base being already saturated with oxygenj 
GUmot combine with any more. 
• Ufion the »time principles, if by any process 
the oxygen 4s taken away, the substance will 
Again be rendered combustible. To illns- 
irate this whole theory, take a familiar instance* 
^IpbuF, wc have just seen, is reduced to a cor- 
xosiye acid by burning in the open aii; but by 
chateoal applied in a particular manner with the 
assistance of fire, this acid may be again con* 
verted into inflammable sulphur. It is the same 
thing whether we use charcoal made of blood, 
fleshj or l^pe,^ or whether the cbatc^aL from any 
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vegetable matter. Nor is it neceBsary to Iiavc 
recourse to charcoal, as pit-coal and other com- 
bustible bodies have the same effect. The fact 
is easily explained upon the principles just lud 
down. The sulphur, when burned, extracts the 
oxygen, or acidifying principle, from the air^ 
and is coaverted into sulphuric acid*. The 
charcoal when applied again to this acid diaws 
off the oxygen, with which it unites, and fonns 
carbonic acid gas, and leaves the sulphur in iff 
fomer state. 

■ Fotmerlf called vilriolk addr 
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LECTURE XXVII. 
CHEMISTRY. 



MIXTURE, AND ITS EFFECTS. 

jThb following principles may be laid down 
with respect to mixture. 

1. We find that some bodies cannot be made 
to unite with others, as oil and water, and water 
and (quicksilver : however shaken together, they 
will still separate again. 

e. We find others unite in the most intimate 
manner, and form a compound in appearance 
perfectly homogeneous. Of these some unite 
■lowly and gently, as sail and water. 

3. There are other caBes, where the union is 
attended with perturbation and commotion, the 
production of heal, smoke, and sometimes 
tlaine. If I pour into a flask a quantity of water 
quite cold, and I add an equal quantity of sul- 
phuric acid, which has a great tendency to mix 
with water, and is likewise cold, the liquid be- 
comes hot, so as actually to boil, emit steam, 
&c. 

Again — If I drop a little carbonate of am- 
monia, which is a volatile salt, (in a fluid 
■tate,) into sulphwric acid, -(this experiment re- 
quires caution,) the agitation is greater than if 
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a red-hot iron had been dro{^d into it. This 
intestine commotion is called efferveicence, 

I shall now exhibit some instances of the mix- 
tare of solids with fluids. In their union the 
solid body is often divided into atoms so minute, 
that they make with the fluids a homogeneous 
liquor, and will remain dissolved as long as the 
quality or quantity of the fluid is not altered. 

Thus — Camphor thrown into spirit of 
wine sinks at first; but, dissolving and uniting 
by d^rees, the fluid remains trausparetit as be- 
fore. 

Again-^Drop a piece of marble into mu- 
riaUc acid, and bubbles will arise, a violeut 
effervescence is produced, the marble is dis> 
solved into atoms so perfectly minute, that they 
became invisible, and are equally mixed witji the 
fluid and difl'used in it. This is an instance of 
effervescence between a solid and a fluid; the 
' operation is called iohuioa, and the fluid a solvent 
or menstruum. In solution a solid must not 
only be so mixed with the fluid, as to be equally 
dispersed and never to subside, but the mixture 
must be perfectly transparent. In some mix- 
tures, though the matter is entirely mixed, yet 
for want of transparency it is not called solution, 
but diffusion (and in pharmacy an emulsion). 

Saturation, I formerly observed, is used to 
signify that some bodies are capable of being 
united only is a certain proportion, and when a 
menetruum or fliud has takep up exactly as much 
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of any matter as it b capable of holding in so- 
lution, it Ib said to be eaturated. Saturation \% 
sbmetimes single, sometimea double; camphor 
in spirit of wine is an instance of the first ; vo-^ 
latile falts and the sulphuric acid are an instance 
of the second, for both may be saturated; the 
•alts by having a proportion of the acid lose thtir 
pungency, and the aeid its sourness. If more 
than thii portion is added of either, the overplus 
retains its separate qualities. 

Chemists have a power of separating, by the 
application of heat, suob bodies a? differ la vo- 
latility, and are not too strongly united ; but in 
tiHne instances of solution we find it very diffi- 
cult. If we endeavour to separate them by heat, 
We find them capable of enduring a great deal 
more than any of the bodies, when separate, 
could. have done ', and if we apply a still greater 
heat, the vapour rises without any separation of 
parts, tbe volatile carrying the fixed along with 
thetn. A mixture of the sulphuric acid and 
Water is an instance: the water ia its separate 
. state would be converted into vapour at Sl«, the 
acid at 600 j but mixed^ the water will not eva- 
porate at 212; the htai must be greatly tncreas- 
td, and theii the vapour of the water rises mixed 
with the acid. The alkaline salt known by the 
name of ammonia is very volatile, but when 
mixed with sulphuric 'acid, its volatility will be!' 
depressed by the acid, so that it has not the leasf 
smell } and if beat is^ applied, the alkidi oantioti 
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be raned without a quantity of acid along with 
it. When marble has been mix^ with the 
tnvTiattc acid, the latter loses its volatility, and 
becomes capable of enduring a violent heat': if 
beat is applied, the wslery panicles rise in vs' 
pour, and leave the marble and acid so united 
that no heat can separate them. In this case, 
therefore, it is impossible by heat alone to sepa- 
rate ttv marble from the acid, bul by the add'i* 
tion of a third body. In doing this, the third 
body always joins itself to one of the other two j 
this is calkd elective atiraclion, or qffimty. 

To give a clear notion of this, by separating 
-the mixtures we just now made, I shall first sc 
parate the water and sulphuric acid by the addi- 
tion of another saline liquor; this liquor acts, 
with great violence on the mixture : the mixture 
grows muddy as soon as a third fluid is added, 
and as it cooU the salt is deposited at the bot> 
lorn. 

9. In separating the ammonia from the sul- 
phuric acid, the mixture is at present destitute of 
smell; but on adding alittle carbonate of potasa, 
destitute likewise of smell, we may perceive that 
the ammonia is separated by the pungent smell. 
3. So spirit of wine is separated from- cam* 
phor by mixing wafer with the spirit. 

- In tills attraction there is a sort of gradation. 
Thus silver dissolved in nitric acid may be sepa- 
rated by quicksilver, which takes its place^ If 
v.^ add copperj the niercui^ will be aepirMed. 
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{f we ihrow ia lead, the copper will be deposited 
— the lead by iron, &c. 

Another remarkable phsenomeoon is, that 
lome bodies are less in bulk, others greater, when 
laixed. SiWer ia'lighterlhan quicksilver; yet 
qiiickiilver and silver united form a compound 
lieavier than quicksilver of equal bulk. 

Water is not increased in bulk by the addition 
o£ a small quantity of salt; if the quantity of 
Mlt ia^ however, increased, the liquor will be in- 
creaeedjbut not in the proportion ofthea^r^ate 
weight of the two. 

M. Reaumur made tbe following experiment : 
a veuel was half filled with water, spirit of wine 
was then gently poured into it, till tbe mixture- 
roie half way to the neck of the vessel. The 
bottle was then shaken, and a little heat wa< 
produced ; tbe liquor consequently rose ; but 
when the beat was gone off, the mixture took up 
less room than it did before the two fluids were 
united by >baking. 

I shall DOW consider the acveral theories and 
explicationa of the effects of mixture. From the 
firit lera of chemistry, till the time of Loid Ve- 
nilam, we bad no intelligible theory ; they sel* 
doiD went further than to explain one term by 
another. Thus finding that the alkalies cflcr- 
vesced with ac ids, whenaver they foundambfllance 
Uiat effcnreaced with an acid, the philosophers of 
Uie day defined it to be of au aikaline natm-e. 

Moat lA tbe chemical phcsoinen& are difficult 
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to exptaiD, because we can scarcely find any 
thing else wiih which they can be compared. 
If a mechanic removes a prodigious rock by the 
force of one man, it wilhbe dtejse of wonder to 
one unacquainted with the mechanical princi- 
ples ; but on examining the instruments by 
which this effect is wrought, we shall find that 
the whole depends upon certain fixed laws of 
mecltanism and motion. If the chemist re- 
moves a rock of the same magnitude by a smalt 
quantity of nitre, sulphur, and charcoal, we shall 
not so easily understand the manner in which 
tile effect is produced. It is more easy to increase 
the number of facts than to explain them. 

After L.ord Bacon, chemistry became mors 
known, and attempts were made for a more ra- 
tional and popular theory. As mechanical 
powers are easily understood, we are apt to sup- 
pose that the action of bodies depends upon nte- 
chanical principles. ' 

The most popular opinions were, that the 
powers of bodies depended upon their particles 
having particular figures and motions. Boyle 
wag one of the first who published this opinion, 
but he did it in a moderate and diffident manner. 
Many after him, however, have extended this 
application so far aa to show the full absurdity 
"f it, especially the older French chemists. If 
we were to consult them upon the first experi- 
ment we made, they %vould tell us that the sul- 
phuric acid (or, as they would c^l it, the oil of 
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Titriol) consists of heavy inert particles, which 
contaio'a (juantiiyof fire, and that upon appli- 
cation of the water the particles are di33oIve<t, 
and the partklca of iire break loose and become 
active; but these reasoners would be puzzled to 
explain Ihe phsenomenun of the same' sulphuric 
acid, or oil of vitriol, with ice. In cxplaimrtg 
the dissolution of niarble, they say, the acid 
contains innumerable wedges or needles, which 
get into the pores of Ihe marble, and throw off 
its particles, which are suspended tti the fliud 
like a boat by iti oars*. But supposing the par- 
ticles sharp and pointed, they would lequire a 
force to make thera act. In answer to tbts, they 
tell you that the particles of fluids are agitated 
in a constant and irregular maaner; they refet 
you to the beams q( the sun let into a cbam'oer, 
io which you will lee the particles of dust raov- 
iiig in all directions. It is true, there ia a bio- 
tion of this kind in (he rvr^ which is the moat 
elastic and tremulcmi of all fluids, every motion 
throwing it into agitation ; but this is not so 
rapid as to throw the particles against each other 
with suflicient foccfi to produce the effects in 
question. There are many instances of solid 
bodies acting with violence upon oue another^ . 
as corrowvc muriate of mercury, when powdet^> 
and mixed with pure antimony in powder. 
There are many facts also relating to fii^ds, 

■ TbiiU tbevtr/eipreuioBof Lemerjiv 
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which render thiq theory very unaatisfactory. 
Nitric acitlj for example, dissolves silver, and 
□ut gold ; aqua regia, or iiitro-muriatic acjd, 
gold, and not silvery the gold is the denser of 
the two. 

In the dissolution of solid bodies m fluids, 
they tell you, the reason why a solid body con- 
tinues equally suspended without subsiding from 
the fluid, is, that the division of the bodies is so 
minute, that ihe weight of the particles is not 
sufficient to overcome the resistance of the fluid. 
This, however, does not exploit the dissolutioa 
nor the dispersion of the solid particles through 
the fluids. 

. The last theory I shall mention is that of Sit; 
Isaac Newton, which is now generally received> 
and for which I refer to the thirty-first query at 
the end of his Optics. 

. Sir Isaac Newton supposes that the phnno- 
tnena of cl^niica! solution arise from a disposi^ 
tion in the particles of one body to unite with 
the particles of another. Thus, when two bodies 
on being mixed unite with effervescence, &C> 
the cause of this phsenomciion he supposes to be 
a powerful attraction between them, which dis- 
poses them to unite very strongly with a rapid 
and accelerated motion J whence the visible ef- 
fects in the attraction which obtains between the 
particles of the fluid and solid; this attraction i) 
more powerful than that which binds the par- 
ticles of the solid together. In constquencs of 
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thiE attraction, the mixture is much more diffi- 
cult to evaporate than either the solid or fluid ii» 
their separate state. Heat produces vapour by 
lessening the Mtractioii between the particles 
of a body ; it enlai^es the diinensionft of a solid 
lill it becomes fluid ; if continued, it enlarges 
the dimensions of a fluid to vapour. According 
to Sir Isaac NewtOR, this attraction is equal at 
equal diMances, and at unequal distances un- 
equal. 

' When the volatility of a body is repressed by 
nixtore, and the two cannot be separated by 
heat, the separation is produced by the addition 
of a third body, which has a stronger attraction 
for one of the two bodies than they have for one 
another. This kind of attraction, from the cir- 
comstance of certain bodies unithig with a kind 
of preference to certain other bodies, was at 6rst 
named elective attraction ; and afterwards, for a 
similar reason, q^nity, which is the term at 
present in most gener^ use. 

Many of the hardest bodies are very quickly 
separated by mixture. Metals require a very 
great forcQ to divide them mechanically, but this 
division is easily effected by chemii^al solverls. 
But the following observations will gtrve more 
fully to explain the nature of elective altraction 
or a0niljf. 

1. This sort of attraction differs from that of 
gravitaiion, electricity, and magnetism, in nut 
obtaining between large sad seaside parts of 
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BUtterj but only between its minute and invisi- 
ble particles. Thu^, if we place a pieoe of salt 
as Qearw possible to water, it will not unite with 
it, uotess it ii in tontaci. 

S. Tbe minuteness of the particles into whictl 
bodies are divided by mixture is beyond tbe 
power of itDa^nattoa. We may form some sort 
of notion of this minuteness, by dissolving a 
small grain of the size of a pin's head of nitrat 
of silver in a quart of river water. Tbe water is 
tinged with a milky colour ; every particle of 
water has therefore a lensible quantity of silver 
in it. If to this mixture we add the solution of 
muriate of soda, or common sea salt (a transpa- 
rent fluid), we shall see the little grain of silver, 
which was dispersed through the whole of the 
iv^ter, separating in a subtile powder, and falling 
to the bottom. The saline liquor added hiiH no 
diuposition to disturb the tranijparency of the 
water, when it contains none of the silver ; yet 
it is DO sooner added to this solutiou of silver 
ihan the whole of the liquor becomes muddy,- 
and every drop ^pears to have contained parti- 
cleg of the metal. Tbe nitrat of silver is a com- 
bination of the nitric acid and silver. The par- 
ticles "of silver were actually divided from each 
•ther by the nitric acid before put into water. 
That the whiteness is occasioned by the common 
lait, of which there is a little in most river wa- 
ter, is plaio by adding some of it to pure. distilled 
water, which produce£ no whiteness at ail. 
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3. The influence or energy of ih!s aitraclion 
reaches to a distance 90 itnall, as lo be imper- 
ceptible to our senses, as it doee not appear to 
act till the bodies are in contact. Of this there 
is an insunce in the difficulty of applying the 
particles of sulphur and mercury sufficiently near 
to make them uuite. In this respect chemical 
attraction is analogous to the attraction oF cohe- 
sion. For if two pieces of lead are pressed 
strongly together with a twisting motion^ bo as 
to bring them into violent contact, they take 
hold of one another almost as firmly as if united 
by fusion. 

From these observations we shall understand 
someoftheprincipal laws of mixture and solution, 
I. When we desire to make two bodies act 
upon one another, it is necessary that one or 
both of ihem should be fluid, or rendtred fluid, 
or disposed to fluidity, immediately after mix- 
ing. This rule is applied to salts in particular, 
" which do not act unless in solution." To il- 
lustrate this by experiment ; 

First. To crude muriate of ammonia in pow- 
der (which is a compound of ammonia or vola- 
tile alkali and muriatic acid, which has a strong 
attraction for it, and depresses its volatility) f 
add another salt in powder, which has a greater 
attraction for the fixed salt than the alkali; but 
though 1 Uke great pains to mix them, they will 
not act; bwt when dissolved they immedJately 
act on 0D9 another. 
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Second. Salt of amber mixed with puttut 
nrhile kept dry will coDlinue separate, and tbe 
brown and white particles may be distinguished - 
by a microscope; but if water is thrown oatbun 
they iinmediaiely act upon each other. 

Tbe reasoa why fluids promote their action 
upon ooe another seems to be, I. That they 
bring their particles into closer contact than it 
was possible to bring them by any other means. 
The surfaces of solids are rough, and there 
seems to be an atmosphere over them which 
prevents them from uniting. Sir Isaac Newton 
calls it a tenacious atmosphere, and extremely 
subtile, upon which depends a variety of electri- 
cal facts. When a solid is applied to anothef 
solid, the particles of each are united by the at- 
traction of cohesion j therefore they will not act 
upon each other, but they will act readily when 
this attraction of cohesion is removed by solu- 
tion. But whatever the cause, the law is found- 
ed in experience. The necessary fluidity is ob- 
tained by dissolving the body in a fluid that pro- 
duces no change in its qualities: thus, salt is 
dissolved in water; or by melting it, as metals; or 
by converting it into vapour, as in bodies which 
assume the form of vapour before they become 
fluid. The terms for these operations are solu- ' 
tion,Jiision, and evaporation. 

II. When we would dissolve a solid in a fluid, 
divide the solid mechanically, or by other means 
increase its surface. If a bcitlle body, by pul- 
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verizing ; -if a metiHic, by beating it into leaves. 
The reason is plain, viz. that the Quid only acts 
on 'the surfikce with which it a in contact. 

III. The action of one body on another is 
promoted by moderate beat, which performs fhe 
•olution sooner in the action of a fluid on a so- 
lid; for, on removing the heat, the additional 
quantity which the heat had enabled it to dis- 
solve will be deposited. This is particularly the 
case in aalts and water. In general, the action 
of bodies on each other is more languid as the - 
beat is less, and the contrary. From these facts it 
appears that the attraction the particles of one 
body have for those of another is increased by 
heat ; and, on the contrary, Uie attraction be- 
tween the particles of the same body is diminish- 
ed by heat, as is evident in the formation of ' 
Tapoiir. ■ 

Digestion is the continued application of heat 
to the bodies that are to act on each other, and 
may be performed in an ordinary vessel when the 
bodice are not volatile ; when they are, a reflect- 
ing vessel is used to condense the vapour which 
is returned back to the first vessel : this is called 
eirctdatioa. In this process ihe condensing 
vessel is placed above. Cohohation is an ab- 
surd term ; it, however, means the collecting of , 
the vapour into the second vessel, and pouring it 
bacic into the first as in circulation ; but instead 
of placing the comknsing vessci over the first, 
H is placed on one side. 



I, Google 



-^ Aiixlure,aitdilsEffeclu 97 

By a knowledge of cbejnical attraction' a'che-' 
mist obt^ns the means of separating compound' 
bodies, viz. by applying a third substance, in 
order to decompound them by means of the su-* 
P^rior elective attraction which one of the bodies' 
may have for that third gubstance. Hence it ap- 
pears that Sir Isaac Newton's theory is extreaje- 
ly probable, yet il is not altogether sufficient ; foi: 
why may not the three Substanees unite? This 
may perhaps arise from a repulsion between the 
third substance and one^of the other two. But 
1 am not idelmedtD sHiltiply canses. 

GeofFroy wat'lhe first mho formed tables of . 
fhe elective attractions cff bodies, which were 
greatly extended anid easentialiy corrected by 
'Bergman. 

The perfection- of ch*i(iieat science con* 
eists in. what is callod cbfetnical analysis, that is, 
the resolving of bu&ea iDto their tionstittient 
partt; and it is surprising'to reflect how far 
these operations' have been'camRl by modem 
chemists. The food we'eat;- thenwdicines we 
apply as remedies for diseases, have all been; if 
'I may repeat theifigure employed' in the first of 
these chemiA&l laciuree, anatOmited and' dissect- 
ed.— Hence we aref the iwtter enablfd to judge 
lof- the salutary nature of leach. Alt the produc-^ 
^Ons of' art and. nature have, in short, been 
investigated, and their composition fully ex- 
'plained/ — ^This is the true practical, T might say 
'U)e really philosophical use, of chemistry; and 
VOL. n. T . . ■ 
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to this evei^ student ought, ia the first iostance, 
and as the tirst object, to apply. 

The analysis of bodies is effected, as was for- 
werly stated, partly by the agency of heat, stil] 
more, perhaps, by tJial of mixture, and stiU more 
by the united. efiects of both, judiciously ap- 
plied. It is of the utinost importance, therefoK, 
that the student sboi^ Tender himself master of 
the afSnities of different substances, and know 
with what bodies they will iwilc in solution, 
8cc., and what bodies tbey will dislodge. Tbo 
acids are the imist pbwitrfi^ agcotsi as menslrua, 
or in tba liquid stalvaad: with tbeir aflSnities for 
the different solid miMers it it necessary to be 
well acquainted ; (at by ^hetr. means alone i^any 
of the most important facts in natural philoso- 
phy may be invtxtigsMtl atid efiplain^..' Hut in 
a stale of fiHion, wbiob- may coionw>nly.J>e ^- 
Icctcd by the meaiiftofheal,>Bioat bodies n^ybe 
brbught toatt wp«i:«achother. , >, , - , 

fn iheslibseqnenb.leaures Ihe action of. the 
acids will be- painlod'oul, also different modet 
tif .and^sis, uoiltr the head* of Earths, Metals, 
«nd Mineral Waters. But tn so very slwrit a 
fiketoK 6{ the idootricMe «>f. dbemtstry as these 
*ei» k««res:can*:<wnpife?,;itis^iM)t possible, t« 
.go far- into the ()6tail;oand the most eSectitftl 
.'pracegseB can only be fotnid in the lai^er works 
4>n tbiG science, particularly those of Bergman, 
>£irwan, and above all, thatadmirablecotnpen- 
'di«i{i of mtodcrn science Dr. Thomson's System 
of CheQjistry. i ... 
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LECTURE XXVIIt. 
CHEMISTRY. 



CRBMICAL ArPASATVS. 



The KMtruments used in chemistry may be di- 
Tided into-thr«e branches : lat. The vessels tbat 
hold the subjectii on which the effect is to be 
produced : 3d, The apparatus for prodiiciog 
heat : 3d, The means of i^ulatisg or applying 
beat in the best manner. 

Was it in our power, we shoald wish that iho 
tess«ls used in chemistry ahotild possess the fo)- 
'kiwing properties: 1st, Tranaparency;'2S,Tlie 
^operty^of Tesisting the action of cotrMlmg tub- 
stances : as also, 3d, Suddeii change* of heat 
and cold : 4th, Strongch, in order to confine 
elastic vapour, 8cc.: St% 71ie-powH-of endurini^ 
heat without tnelling. But no matter in nature 
is pouessed of all these properties. The c<^tn- 
non materials are gltiss, H)ee^, -atiti e&rlheii 
ware. ■ - ■ ,'-"'■ " _ ■ ■■ '•"' '■ •■•■ 

I. The gveaScBt Inconfreoiency of glate veswii 
is, that Ihey do not-well endure auddtilchatigej 
• of heat and cold. It is the ruk to raike glassel' 
which are to bear heat as thin as possible, pro- 
dded tltey are stfong enough to be haadledr 
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The effect of making them thin iB> that their Bur- 
fiu;e8 are more uniformly heated, that is, one 
surface is oofbeated before' the other, and con- 
flequently they bear that disproportion of their 
form which heat' occasions. They are more 
flexible too; and aEph^cal form contributes to 
this effect. White glass best resists sudden 
changes of .teniperature, and coiqmon greeu 
glass the higher degrees of heat in the sand fur- 
nace. * One circumrtance in particular. to. be re- 
garded is the annealing of the glass. This ia 
done by. putting the vessels, while red-hot, into 
a furnace of nearly the same temperature, and 
letting them cool gradually, for if hastily cooled 
they are remarkably brittle. This phfenonienon 
is bard to be accounted for; but we have a strong 
instance of it in what are called glass tears, or 
-Prince Rupert's drops, which is melted glass 
dropped iuto cold water. The greatest number 
ef these drops falling into atoms, those that rer 
Biun are in the form of a pear, with a tail not 
thicker than a threail. If we break a little bit of 
the tail, the whole flies into powder wUh great 
ez|^aaion, and they Hometimes fly without any 
Uiing that we .can perceive disturbing them. A 
certain thickness of the glass is crusted over, if 
ihia cmst i* penetrated- the whole flies asunder; 
yet when the thick end is. ground till a certain 
point is worn off, the explosion does not take ■ 
place : this is a fact that cannot be e;[plained till 
yii ufid^rs|an<il.l>^'^ the nature of cohesion. * 
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' It is^ hdwever, somewhat analogoDs to th6 
suddcD crystallization of salts by agitation. 
Hie contraction necessary for devcloiMng the 
matter of beat i» prevented in the first insunce 
by the sudden forpiation of a solid cFust. ' On 
the latter being split in several parts at once, the 
ihstantaneouti mutual contact of the internal 
partii, and consequent liberation of the ialent 
heat, perhaps, causes an explosion. 

s. Metal vessels want transparency, yet theii' 
use is indispensable. Iron serves for sandheats, 
distilling pots, and other purposes requiring 
strength and durability ; copper, for the more 
bulky utensils employed in boiling and distilling. 
Condensing worms and dyers' kettles are made 
of tin a little hardened by copper ; lead, hammer- 
ed out from a thick plate, makes good boilers tor 
such acid and saline liquors as would corrode 
iron. It is also much used for lining wooden 
backs to perform crystallization in the great 
way. 

But tbe e:iperimenlal chemist requires cruci- 
bles and evaporating vessels of pure silver and 
platinum; the former for the caustic alkalies^: 
yrhich have no sensible action on silver, though 
they attack almost every thing but that and gold. 
. Platinum tnokee almost an universal implement, 
resisting the greatest heat of a charcoal Sre, and 
^e action of all the simple acids, but not of ni- 
tromuriatic acid and the alkalies. Crucibles of 
these metalsj.being fitted- with a^ alembic head 
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of glasSf serve! far nioftt diBtillaticms by tbe beat 
pf the Hup. 

3. Earthen vessds of tbe best kind res'withe' 
Btrongcsi ))cat withpm owlting, and are not easi- 
ly corroded. Vessels made of ffey alone are 
very close and compact, but are liable to break 
from their inflexibility, ai well as to melt. To 
remedy theise, sand is added, vhich endures the 
most violent heat without melting, and at th« 
same time Itssens the expnwion of tbe clay, and 
consequently renders it less apt to break. If 
the veasd is required to be very compact, more 
clay and less sand must be used: they must be 
hi^aied and cookd slowly. If vessels ne neces- 
'sary tbat will beaV to be heated sooner^ more 
sand muBl he employed. Mr. PcAt, of 8erIiR> 
recommends powder of clay, burnt till it is quite 
liHrd, instead ot'saod, which has all the advan- 
tages without the inconveniences of tbat ma- 
terial. CheDniils have long wished to (bscovera 
vessel in which lead may be vitrified without 
lotis. lliis metal ciiseolves common vessels, as 
water dissolves salt. Mr, Pott's method answers 
this purpose extremely well. Dr^ Lewis recom- 
mends a porcelun of bottle glass baked in sand*. 
Black lead vessels endure heat best. 

The forms of tbe vessels vary according to^ 
their usea. 

I. VsBSELS for Fusion, Hie most conmion 

* Sn bit Cemntret of Artt. 
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for this paTp«w:ire crucibles of b conical Form ; 
tbcy Bbontd hsve covers to ketp out the fad and 
■ir. Lead i» comaoDlj- fused in iron, and salts 
ftkg)ass. 

II. Vcsskts for Evaporation ; these may be 
divided into three clasMs : — }. for Evaporalion ; 
9. DistiUatioH, 'brSiMimation; 3. Cementation. 
-l'. EvapohatiOw. Plat vessels may be used 
wbeD the be« is gentle, but in a «trong heat 
srucibles ibubtbe employed. See PI. V. 6g. 1 1 
and 13. 

3. DisTiLLATiOiv, Distillation is- of tfiree 
kinds: — i. vDietiUation per descenstan s «. per 
acenaumi 3. per latui. 

The first in when the heat is applied above> 
and the vapour falls directly downward into s 
GOMlensing vessel. In this manner oil of cloves 
ased to be distilled, but it is now laid aside. The 
tar manufacture is,- however, still carried on by 
this mode, llie wood that produces the tar is 
put into an oven, which is heated from above, 
and this causes the oily and resinous parts to 
sweat out and Mi iato water, which is placed 
below to receive it. Zinc is also prepared in 
this way from lapis calaminaris, one of its ores. ' 

B. By the common still per ascensvm. Tot 
rorrosive substances we use cucurbits, or glesj 
vessels in ihe sh^w of an egg, which are called, 
by some practical chemists matrasses or bodies. 
Seefig. 13. The common still used ibr the' 
distillation of iiHrits is represented in lig. 14. 
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It consists of a boiler cov«ed -b]bA4DCl^.bead* 
A, usually of copper, fot ^olt«cjiQg the vapour* 
which is n^e 1,0 j^ss through a spiral Uibecidkd 
a worm, imotersed in a tub of cold water* B, U>t 
the purpose of condeosing the spirit, wliich 
comes out at the pipe C in a fluid form* 

3. By.the relorl iodreceiver (see fig. 15.) w« 
peri'orm the lateral distillation. Tbose tfaat bare 
the neck of the retprt descending int? j|ie lower 
parts of the receiver, are more utt^ul than tboB^ 
in which the neck of the receiver is inserted in 
the retort. Some have coDliived tliem with an 
opening in the back for the mixture of bodies 
that emit elastic steam,: this hole is stopped 
during the process, but not very tight, so tb^ if 
the vapour is very elastic it may find its v/^y, aq4 
the vessel be preserved. The conical rpceiF^r ia 
accounted best. It is dangerous to restrain the 
•team loo tight, and therefore in. luting the re-> 
tort and receiver, do not screw them too tight* 
When a degree of heat capable of softening glass 
is required, the retort may be coated over with 
clay and sand, which do not contract \^ith heat: 
for very intense heat, we must have a retort pf 
i\\e same materials with the crucibles. In many 
operations of the retort we have ocoasion to .mix 
two substances, in order to obtain a third or 
new product, which is to rise tin vapour upoa . 
inixture. In this operation the ueck of the re- 
tort must be kept very cleim aiul dry. In sub* 
limation, .when the vapour con^SQS^s .into a.sor 
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fid, we use a cucurbit with a blind head, or 
without a pipe, but more commoaly a retort and 
Rcdver : Uie retort must hav« a short and wide 
neck . . A capital is sometimes necessary to rcf* 
ceive the vapours that condense in a fluid, be- 
fere those that condense in a st^id begin to rise. 
Many sublimates are difficult t'o be conrertcd 
info vapour, and, when converted into vapour, 
soon condense; for these a Florentine or com- 
mon oil flask answers sufficiently well. 
- The alembic (6g. 16.) is used for distillatioi^ 
when the products are very volatile. It consists 
of a body^ A, to wlucb is adapted a bead, Br 
Hie head is of a figure inclined to conical, and 
baa its -circumference or base depressed lowet 
than its neck, so thit the vapours which rise, 
and are condensed gainst it» aides, run' down, 
and are conveyed by the nose or beak, C, into 
the receiver, D. The priacipal object of thia 
instrument is, that in distillation, and more par* 
ticularly sublimatiou, the head may receive the 
more dense and dry products, while the mors 
volatile pass into the receiver. 
' An ^xidel is analogous to adopters in distilla- 
tion : its use is to condense bodies according to 
different degrees of volatility. What remaint 
after the spirit or sublimate is taken ofi^ is called 
' the residvam or caput mortutum. 

The 3d process is cbmbktatioh, when va- 
pours act upon one another, 4>y lajing the ma- 
terials in alternate layers strattm suptr strntUTo, 

F 5 
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It u tbut eopper is eonTerted into brass, viz . 1^ 
dtennuc iayen of copper and lapis calattuura 
nix^ with other substaaccs : the vapours from 
this bst tinge ih« copper yenow. The Tcnela 
fot this procetr are chiefly crucibles. 
■ III. VwsBLsforSoLUTioN. Thoseofaconi- 
cal form are often wry canrenient, as. they bear 
sudden allerations of beat, atid prevent the easy 
esc^ of vapour. To this class may be referred 
ihe'pelican, and Papin's digester. 

Solution is often partial, in which case it is 
necessary to purify it by ^Itralim. The com- 
Bioq means are through a spongy kind of paper. 
Such ai the conmon blotting-paper, and to se- 
parate powdery matter from fluids, ckaik-Uoue, 

Among chemicat instruments may be reckon- 
cd the iron rod, or knife for culling glass. By 
applying this iron red-hot we may l«ul a crack 
m a glass in any direction, moving th« iron a 
Kltle before the crack, which follows the iron. If 
there is not a crack in the vessel, the iron must 
be applied red-hot to the part we want to sepa- 
rate, till the glass is well heated, and then apply 
a file dipfftd in cold water to the part, and it will 
immediately crack. 

The means of produHng heat are seven, viz. 
J, Animal Heat; S. Friction or Percussion; 
3. Electricity; 4. Mixture of Bodies; 5. Fer- 
ntentation; 6. Rays of the Sun ; 7. Fuel. 

I. Animal Heat is only used in the regulation 
of the Ihermonieter, by putting it in the mouth. 
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IT. Friction or Perduiion is <^lied lo some 
purposes in common lite, as in fir£T«niifl^ whtre 
fire is jwoduced by.tfas percussion of the flint 
against the steel. 

III. Hie Flash of electricity has not hem mach 
attended to by chemists, thou^ its eSecU oa 
metaU are gr«at, as you have aeen in the l«:tare 
on electricity. PrDiesior Davy haa, ho«.-ever, 
latterly applied the kindred science Galvanisn 
with great success in chemical investigation. 

IV. Mixture. This heat, like the former, is 
too transient to be applied to any useful par>- 
poses. We may, Iwwever, account niixture at 
one of the means of lessening heat occauonally, 
and producing cold. To obtain low degrees of 
heat, we have recourse to a mixture of water or 
pounded ice with salts; of these murtat of limt 
with snow is most powerful. Snow or ice mixr 
ed with strong nitrous acid produces also a great 
degree of coid, even such as to freeze the mer- 
cury in the bulb of the thermometer ; yet we 
have reason to believe that the cold is limitttk 
To retard the entrance of beat, the mixture ought 
to be wrapped in wool : the cold remaiuS' at its 
greatest degree while any of the ice or snow re- 
mains unmelted. 

V. I may mention the heat produced in i^«r- 
mentation, though this mode of applying heat 
is chiefly employed in promoting vegetation, and 
in Egypt in hatching eggs. In chemistry it is 
used where a long and gentle heat is to be apr 
pli^d, and waa mucU in repute with the old chc> 
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«ntau. Horse dung, and tanner's bark after it 
^as been used,. have a degree of beat equal to ISO 
degrees.or more. The' horse dung rises soonesfe^ 
to this degree, but it flies off in about a mouth ; 
ibebark retains it for some months. It is ne- 
cessary that there should be a proper quantity of 
inoisture, and that it should also be in a compact 
iieap; otherwise it has too much suriace for its 
inilk, and the heat is dissipated. 
. VI. The Says of the Sun.\ When a subject is 
exposed to them, a degree of heat sometimes 
higher than that by i^rmentalioD is produced, 
but it is not so constant. It is often used for 
the promotion of the action of fluids upon so- 
lids, and is then called Insolation. It is used 
-for the dissipation of moisture; and thus vege^ 
lables are sometimes dried. It Jias been erro- 
ueously thought that it was better to dry them ia 
Ihe shade; hut by experience it is found that 
they are always better cured by a quick heat thsii 
-when dried slowly. The sun has a remarkable 
power in discharging colours, and a particular 
efiecl on some^aline bodies. The force of the 
sun's rayv is greatly increased by condensing 
them, as by lenses, speculums, or burning- 
glasses. Concave mirrors and refracting lenses 
Dave been used to melt metaU and stones that 
-were formerly thought iixed. The speculiun 
made by Viletti at Lyons was three feet in dia- 
meter; its focus half an inch. The principal 
^int in the improvement of lenses is to form 
-the focus at as unall a distance as fossible } bu( 
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thia Kquires so greit a. convexity, that by the 

thickDees of the gluts a great part of the light U 
turned out ofits course. Aoother.kmd of burn- 
ing mirror la made of pasteboardj with gold leaf 
burnished on it. Buffon had one of this kindj 
and he describes its effects as astonishingly great. 
' VII. i^u«/j which is the most successful means 
of procuring beat, for it afTords it.either gentle 
9r intense. Its varieties may be reduced to the 
following Iieads : — 

' 1. Fluid Gon^ustiblfs are the. most equable 
and manageable souts^sof beat ; they bum by » 
wick, as spirit of wine, oil, &c. But spirit of 
wise is the best, sinoe-jls vapour is free from 
soot, and we may increase.or diminish'the heat 
by the BiuDber of wickt : the cottoa is not con- 
sumed In the least, as the heat sufficient to con-; 
vert the spirit of wine into flame/is not capable 
of scorching vegetable substances: spirit of 
wine (when highly rectified) leaves no excre> 
m%Btitious matter. The flame of oib emits 
toot, but this is somewhat reifiedied by haviar 
small wicks, aud increasing their number, or 
Itill better by the lamps with glass chimneys of 
Argand's invention, which have great power. 
CHIs Bcorch the wick and change its texture, so 
that it does not suck up the whole of the oil: 
iocinnbustible flax, or asbestos, &c'. have beea 
used, and answer the purpose beRer than cotton. 
Oils also of themselves leave a lixed carboua- 
'cedos matter which clogs the wick.' Some oils^ 
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Itowerer,' are nk>F6 ceeipletcty inflammable than 
others, as speririMeti is better tban train oil. 

S.Ptat or TV/* produces a gentle heat ; whtA 
crude the smoke diminishes the heat, and spoils 
the ressek ; when it has been red- hot the smoke 
is expdied, and a kind of charcoal remains. 

3. Charcoal of tvood. This is the chief fiiel 
bf chemists abroad : it kindles quickly, has few 
Vapours, produces few ashes, and they bare 
scarcely any disjiosition to melt lo as to clog the 
Vessels. Ifthe ashes do melt, it is only in (he 
Smallest quantity. It k capable also of prodoc* 
ing the intensest heat ; it is, however, soon con- 
sumed, and mint be quickly renewed.^ Thou^ 
the charcoal seems free from fumes, yet there is 
an evaporation of humidity till it becomes red^ 
hot*. '■ ' ■ 

4 . FbssH coal charted has much th;e samti qua- 
lities of emitting no gross smoke, &c. Th* 
reason these iiiels improve by being charred is, 
that before they at^ so they contain A vast quan- 
tity of moisture, which is dissipated in steam or 
smoke ; these, not being capible of K greater heal 
than 313, are apt to cool the substances, aoS 
sometimes lo break the vessels. ' . 

5. Wood ox Coo/ in their crude State are incon- 
venient, on account of the smokte or vapour they 
emit. The smokej in fact, that rises from all 

. * The amoVt froiik co^tmon fuel ia «■ dulfc^us a* tbe foniM 
of charcoal ; but u it is 4i^>i»gu:shed by being diiagceeabU we 
iToid it before it produce! aoy ill efiVctif- 
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bodies in flnoe n a vapour not tnfluBlBd. Bo^ 
dies that do not &une any heat particulir Bid>-< 
stkBca more than those that do ; yet flaiainjj 
nibsUinoes are employed in glau-houses and 
otiter works where the greatest heat is wantedj 
To produce this excesBive beat a greal quantity 
of air is necessary ; it is necessary too that the 
air shouM be thoroughly mixed and agitated 
with the flame; the sooty matter will not other-. 
wise be consumed. The 6ame of a candle 
will not produce a violent beat, because 
the air is not sufficiently mixed with it : in ■ 
smith's forge,' on the contrail] the ^r is blended 
with (he fiame. In heating a furnace, it- is of 
great consequence to throw 'in but little ftid at 
once ; for if much is thrown in, a great part of 
the vapour rises in a thick smoke; but if ^he fur- 
nace is gradually sup[^ed, almost the whole 
npour will be inflamed. Hence it wilt be ma- 
ntlest, that flaraang bodies are not proper when 
aAioderate and equaUe heat is required. 
' The object of forhacbs is to confine the heat 
at much as possible; the air furnace consists of 

1. An ash-pit open. 

9, A chamber for the fire upon a grate. 

3. A door for fuel. 

4. A vent for soiojce. 

In a furnace thus constructed, the air over the 
foet being rarefied rises through the vent, and i< 
succeeded by fresh air nsing through the grattr. 
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KoA peiieln^g dirough the bamii^'fue!. Oik 
. thia the risiog of the smcAe in a common chnn* 
^ey depends ; and on this, principle may be ez* 
plained Agricola's obsemtdon on the constant 
circulation of air in mines. When miners opm 
a vein, they begin at the foot of the mountaiD> 
as it is generdly the richest, and make what 
they call a level or drift in the side of it, inclin- 
ing a little upwards, for the cmvenience of 
drawing off the water. .After they have bored a 
Uttle way, they begin to want zir, and their lights 
go out. To remedy this they sink a perpendt' 
cnlar, which they call a shaft, til) it meets with 
the level or drift. As soon as this communica- 
tion is made^ there is a ccmstant current of air 
pressing in at the drift and out at the shaft in 
winter, and a contrary draught in summer. The 
reason of this difierence is, that as the beat in 
ssmmer, and cold in winter, do not penetrate 
deep beneath the surface, the internal parts of 
. tbe earth ak generally of an eigual temperature 
between the beat of ftummer ami tbe cold of 
.winter ; so that in winter the air getting in at 
the drift is warmed by the air in the bowels of 
the earth, and ascends by the shaft. Again in 
summer, the air in the bowels of the mountain 
being colder than the external column of air in 
tbe shaft, becomes condensed, and flows out at 
tbe drift, its place being supplied by theair flow- 
ing in at tbe shaft. But when tbe external and 
internal air arc nearly of the same temperatufii>. 
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asit i8.soinetiiBetiaivc[piVngjatul«qtMinnitItecu"' 
f^latioa 19 greatly in>pei)e4 ; a -circumstanc* 
4apgerouiJ to the worl^en, «nd'Whicb tbcy Qbr 
yj^te by making lafgefirea in the:inine^,v^ . , 
1 It may not be quite iinprapQr, f)t^baf)q„in tbhl 
place to notice the ventilation of air ip chifliT 
:d^b, wbich areliable tct tjivo faults; gr4t,'.the 
Wftpt of adraugbt up.tbe^Wflaney; tbftiecoodj 
tbe wind Nuag driven' dow^, and tbe amcxlc^ 
along with ity into the roois. The Erst miut 
ariae from some obstruction] as too much aoolj 
or from the too great closeness of tb^ room ; fof 
jn piodern r9oinB the Gnifibifigs are ao closte, 
that tbere is often not a eucce^ion of air ro 
fju^ly tbe place qi.fj^ wbich risea np th« 
ptumjojey, ■^benafq^p^be snioke risea 4 little way^ 
and returos^^inintf] the rooni' lessening thf 
jrent, ia. ofL^Qi^ remedy, or openjng a jjane of 
g)^s. In pew housesj wb^e the' chimneys are 
generally cold, the air ia often condensed before 
it reaches the top, and consequently falls back 
again. Old-fashioned bouses often have their 
vents too wide, and was it not for the ppeninga 
in the room there would not be a. circulation. 
The second defect is gust» of wind being now 
and then driven down, though in general the 
Ginoke.niay rise well enough. This does iiot 
depend on the construction of the room or the 
![^^pDey ; it arises from another cause. As the 
air passes ovt;r the house, it must, especially in 
It^tSj be i^ec^sarily thrown into eddies apd Ir- 
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regalfrf wave9,**aB w«er i« a tvrtr, from the 
nbnes, tee. Hence th« wiod often stri kes down 
riic Gtnmney, which theumiHtbe raiset) sbon 
the kvel of the Gildings that occationed Ae 
eddy*; or a macbine may be placed at top to tam 
with the wind. 

'Te'Ktbm from this digi«ssion. The beat in 
fdmacn is rugnlsted by tbtnitiithtng the aperture 
dMyre; or that below. This method of manag- 
hg'i ^KiactAWdHampk^, aaiifibtstdanchf 
varying the apertupe below. In fig. 17. is re- 
pH«cftted the coramon siaall furnace For melt- 
ing ; 'A H the Bjh-pit where the «r enters, C » 
tbe fire-pJace, conl»n^ a co+cred crociMe^ 
tnand on a support of bakied eaHh whtcb re^ts &A 
the,grilte, D ii the paelage into f:, the chimney. 
At D is a «ipe) pla^ced in the current of the 
flame, and u F Is. an earthen br stone cover, to 
be occasionally remoTcd for supplymg the fut.i 
nacc with fad. 

The heat of the tar Jitmace is in genera} m 
proportion to the height of the Tcnt ; but when 
the quantity of fuel is atich that the vent cannot 
be carried to a sufRcient height, i.e. when the 
chamber is extTtmely large, then other artificial 
means of throwing in a blast of air arc necessary-. 
Bellows are made use of for this purpose. The 
improvement in the Carron works, by throwing 
m the air through a cylinder, in 7<ry cOniidft* 
table. ■ ' ' ' 

' In blast furnaces the pipe of the beJlowi 
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•hottld be a great dtd Isrgia- tfaM meO miM ^ 
ibat the wbi^ «ir nay bt thrown into tte flre^ 
place at oacc. lite- eolipifej wbtcfa is « hollow 
boll ef m^al, SWtA with water, with a loog 1Hp«j 
and whicb being heated scnda forth a voiuiot 
of steam, bas also been used far sending a stFeam 
of air into the furnace. Some have proposed 
putting it into the a^-pit fat this porpose, an4 
Dr. Lewis made the expefinent, thinking that 
the steam might more easily enter the Sre, bat 
it did not answer; for, in fact, it is not thi, 
Bteara that increases tfae inflamaiabtKty of tbC 
fuel, but the air which it impels before it. Steam 
itself exttnguiBhes Oame^ for a candle pal into 
tbe steam of boiling watei is e9«etaal))' eitio^ 
guished. 

It was before obscrred, that flame, when 
mixed with air and agitated^ produces the most ' 
ittlense heat. The reason why tbe agitation of 
flame increases the heat must be obvious. Ji^aa* 
IS ignited vapour, andhy being agitated, a greater 
surface of iaflammable vapour is exposed to the 
comactof theatniOBphericalair, andiii ihat situa- 
tion which is favourable to the combination of the 
oxygen of the air wiib the inflammalik matter, 
which is therefore condensed, and the caloric it 
contained is set free. To illustratethisbythe^/otf;-' 
p'pe, which is a tube of glass or metal bent, tt will 
bt.more convenient if ^re it a globe blown at 
the ai^Ie <rftbfl ppe tocondeiiM tbe moistuK of 
tW btstib.. By this wc fiad a flaise of a rer/ 
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Modentc siz«, when agitated wiUi ^, produce'a 
Mry intense heat. This instnimeDt is often 
Mseful in adjusting small vesselsj or in seaKng 
them up, or in trying a fossil by exposing it (»i 
ajiiece oF charcoal to the heat produced by it> 
Theie is some art in maoaging the blow-pipe so 
as to produce a continued stream of air. This 
is effected by applying the tongue to the roof of 
ffae mouth in suoh a manner as to interrupt the 
communication between the mouth and the nos^ 
irils. By these means the operator is enabled 
|o breathe through the nostrils without varying 
the blast through the f»pe. A wax caudie with 
a thick wick is very coBvenient for experimetits 
with the blow-pipe; but a good tallow candle 
will answer most purposes. The body to be 
acted upon should seldom exceed a pepper-cora 
in size. 

The reverieraloty furnace for melting iron, 
jSui. has a square fire-place, and an oblong oven, 
from the further extremity of which rises a: long 
vent ; and the furnace beating down the flame on 
the metal causes a violent heat. In fig. 16. Aia 
the fire-place, B the dnnie and chimney, which 
is moveable, and which incloses C, the vessel 
CDiuaining the metal, which by this contrivance 
U surrounded by the flame. 
, The potter's kiln has a lara;e cavity- of a 
oonical form; the Same rises in the bottom 
of the cavity, and flies out at the top like i 
toii^at p£ liquid fire.. Tbia wilLdo whca'a.nw< 
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de|?te beat is,reqmre(l ; for stone waie of porce- 
lain the kila must be provided with six or eight' 
&uiiace« for sending up flame. 
. 7%e glass-house famaee must be constructed' 
in such a maoneras to allow the workmen tO' 
ha?e free access to it without, diminishing Uiev 
heat.' 

- I'he reason wby, brick furnaces often crack is, 
their iaternal parts being more heated, and con- 
lequently more expanded than the externa] : ta 
prevent this the furnace should be heated an4 
pooled gradually^ at least tiil properly seasoned. * 

- The furnaces- employed in heatbg retorts oaly 
differ in a contrivance for heating the vessel 
slowly and equally over the surface. These 
probably have got the name of balnea froni wa- 
ter being mostly used, which is safest when no 
great heat is required; and this i» called lalnetat 
marus. When sand is used, it is called bal' 
neum arenm. Some have recommended stcd 
tilings, and Dr. Lewis quicksilver ; but as quick- 
silver soon evaporates, I would prefer the soficf 
metals, as bismuth, Sec. It is often found use- 
&I to make use of air, which is called disttlliag 
ID copeUa vacua. The vessel is to be placed ia 
the middle of an iron vessel, suspended by iron 
hooks, and yon binst close the iron vessel so ai 
to exclude the external air. The lamp furnace 
has been used both for the purposes of evaporation 
and digestion. — For various hiQts on furnaces^ 
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see Lewis's Cotnutice of Artit, and Mr. Ni- 
(diolwia'fi Divtioaary of Cbemistry. 

Liutes are cotnmraily used for joining two 
vetaeU togetho-, and atii^ing the cavities. The 
ordtaary lutes deserve tbc name less than olben, 
uviog an clay in tiieir'compoaiuwn: they are 
used to stop the junctures of vessels when, the 
beat is gentle; but it is b^ter to leave a hole 
aude with a pin than to shut the juncture quite 
close. Floor and water with gum arabic is good 
Jbr distilling; alto hnaeed meal (from which the 
oilbafi beee expresacd) makes a remarkably tight 
hrtiog. Tbe most convtmieot linings are blad- 
ders cut into slips, and moistened; tbe inside of 
the blddder must be ap[^ied next tne vessel*. 
When the fumes are corrosive, jiery littes must I 
be HBsd; the beat of which is pipe clay mixed 
wkU seven times its quantity of white sand. 
73te olay only serves to combine tbe particles of 
MOid tc^tbcr, for sand resisu the most violent 
tutat. A good ludng for 'lining the internal 
|iart of a furnace is made of charcoal dust and 
water with one-fourth of clay, over which 
spread a covering of sand and clay, and beat 
them well with a hammer. The charcoal will 
last two or three years ; tbe clay is mixed with 
the charcoal to prevent its cracking. ' 

* When a bladder is us«d nitb tbe retort and rectiver, a 
hole may be made in it witli a pin, by which the operatcr may | 
jud^ of the content* by the unelt. 
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! Mr. Nicholson* moHt judicioiuly remarks' 
tbat the ingenious student in chemistTy, when 
' he has acquainted hitnielf witli die first princi- 
ples, will easily perceive tbat there are few phi- 
losophical inquiries which require a large appa- 
ratus of furnaces or vessels. A tobacco pipe 
(the bore of which m«M-be stopped with good 
clay) is a very useful crucible, in which many 
operations may be perfonned with a good pair 
of double bellows. An earthen pot, or an iron 
ladle, will contain a sand bath, and common 
pViials, or Florence 6asks, serve very well for - 
matrasses. Chafing'diahesj or small^iron stoves, 
wilt produce a great beat if tvell managed ; and 
the btow-pipe and spirit lamp, with a set of 
snult rettvU and receivers, may be applied to 
the performance of almost every part of expe|^'' 
mental chemistry. 

* See bi* Dictioiutry of Cbemittrf . 
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The objects of chemistry are commonl y|divided. 
into sallSy earths, cnmbustibUs , metals, waters, 
and vegetable and animal substances. By taking 
them ill thii order, we shall find that those of a. 
Rtniilar nature, and which have most qnalities ia 
common, are united together. 
' Salts are commonly defined to be substancts 
«(nch are fusible, volatile, soluble in water, not 
inflammable, and sapid when applied to the 
tongue. These qualities are united to distin- 
guish them from other bodies which will be af- 
terwards mentioned. The first objection that 
has been made to this definition is, that thdr. 
fusibility or volatility are not distinguishing 
characters^ at we have reasoa to conclude there 
is lio species of matter incapable of both : but 
what is meant here is, that they are easily melt- 
ed and converted into vapour with a moderate 
heat. Another objection is, that the absence of 
inflammability is mentioned as a characteristic; 
whefeas many salts by a vigorous test show-signs 
of inflanimability. 
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Mumt of ammonia, as well at the pure aalt 
of that Danoe, will deflagrate.— But it must be 
rcincmbered that hydrogen, which is a substance 
highly combustible, is one of the component 
parts of ammonia. This then is an imperfec- 
tion in the definition not easy to be surmounted | 
but where objects are numerous and diversified^ 
it is difficult to class them. 

It is. obvious from what was stated in the Grgt 
lectare on chemistry, (Lect. XXV.) that ^1 salta 
arc Compound bodies. The acids all consist of 
certain bases or nuiicxl principles which give the 
particular ^aitacter lo the salt, and the acidify- 
ine principle,' or.osy gen. Of the three alkalies, 
ibe volaute or ammonia is a compound of by" 
drogen and nitrogen ; and soda and potass have 
been lately discovered to be metallic oxides, as 
Bt^ed >□ a preceding lecture. 

The most simple sute of salts is a mass, 
white, brittle, and in some degree transparent. 
Salts in certain degrees of heat are fluid, like oil, 
and transparentj when cooled they return (d 
their former state, and are semi-opake. They 
diSer in their degrees of volatility and fuBihility: 
aome fly into vapour with the least heat, others 
in a violent heat remain nearly fixed j most of 
them require to be heated hed-bot, yet all may 
be brought into fusion. 

All ad'me .substances diBsolve itiore nr less 
teidily in watvr. The. attractwa »f aatu f«f 
VOL. II. ' <* 
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water 'is howfver difierent in tliffffrent salts. 
Those that have the greatest attraction for water 
require least fur their solution : some of them 
IKissess ao great an attraction for water, as to ah- 
£urb it from the air. These are called dcKques- 
cenl. ,. . 

. The first phsnomcnon in ■ the mixture of 
fialts with water is the. separation of air from the 
water by a seemingly elective atuactiob. This 
.appears by a niuddiness which proceeds ihrotigh 
sll the parts of the fluid, acid is occasioned by a 
number of little bubblegj which rise to the top 
so as to form a scum ; when all these are risen, 
the water becomes transparent. This deserves 
to be taken notice of, as many have been de- 
ceived by il, especially those who have written 
OH mineral waters. They often mention effer- 
vescence in ihem, where there was none, and 
the appearance of it was nothing more than the 
air escaping. 

Another phcenoraenon is the alteration in the 
heat of the mixture. Insomc cases it is colder, 
in others hotter. When heat has been pro- 
iluced, it has been thought owing to the violent 
attraction between the salt and water; for the 
production of cold ther« has been no-theory of- 
fered but that of latent heat, as stated in a pre- 
ceding lecture. 

. Another phenomenon is, that if we add more 
tnd more salt to the water, it. will be more and 
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mnrtt slowly dissolved, and after a certain quan- 
tity it will dissolve no mmte. When the water 
will dis!»)lve no more, the point ai which the 
calls ceai^e to dissolve in calltd, as wss betbre 
menliimed, the point of sQ/«)-a(!Off, The pro- 
portion of water is very different uith respect to 
different, salts:, some require only a quantity of 
water equal to themselves in weight, A satu- 
rated solution dissolves more salt if a little heat 
is (hrowti Into it. Comniim salt is the only cx- 
T^eption to this general rule"; it dissolves with 
equal ease in the same quantity of cold water as - 
io warm. Mr. Macqner ihoii'ght the deliquescent 
salts were also exceptions ; biit this remark is by 
no means jcist. We are not agreed as to what 
salts are to be cailod.deliqiiesetntt,-and what not: 
tlicir dclifjiiesccnce may depend sometimes oii 
the particnlar dampness of the air, and slmic- 
times on theirown parlitnlar condiiinn. 

From the phienoiitcna allcnding the dissolu- 
tion of salt Sir IsaSc Newton though! that there 
was an equal distribution of it throui^h a deter- 
mined space of water, and hence the depotiiiiuH 
is in a regular order ; hence also, if a space of 
water is increased by expansion, it is capable of 
arranging a greater number of parlicles of s.ilt 
than it otherwise would do. That sonietilini: of 
this kind really takes place is evident from expe- 
riment, as that part of the water which contains 
the least salt will have the greatest attraction ft>r - 
it; and thus tlw distrihution of the salt will pro- 
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ceed till the particles are arranged at equal di- 
stances through the whole fluid. There is, bow- 
ever, a seeming objection to this, viz, that when 
the salt is merely thrown into the water, the po- 
licies do oot rise and disperse themselves imme- 
diately, but it is a long time before ihe salt is 
dispersed through the whole. This, thn\)gh a 
teeming, is not a real objection. It is true, it a 
a long time befbre the salt dissolves, but this is 
in conscquraice of the very cause on which dis- 
tribution depends ; and in time the salt will be 
equally distributed through the whole. Throw 
a heavy salt Into a glass of water (sulphat of 
copper, or blue vitriol, for instance), it at first 
sinks to ibe bottom, and after some days b^ns 

-to impart some of its colour and qualities to the 
particles of water immediately surrounding it. 
As the water in contact only acts upon the salt, 
it is soon saturated, and, being thus made heavier, 
remains round the salt in the state of an atmo' 
sphere. The whole of the attraction of the 

, water, tben, can only act on this surrounding at- 
mosphere, as chemical attraction reaches to so 
■m^l a distance. In a little time another stra- 
tum will be formed, containing less ealt than 
the former. Innumerable horizontal strata will at 
length be formed coatainlng leas salt: hence the 
slow ditfuition if not assisted with agitation. The 
aulphuric acid is used in bleaching, by dilution 
with the water in which the linen is steeped. 
The bleachers at first thought it was sufficient 
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merely to throw the acid into the water : by this, 
Iiowever, soroe of the linen was .always cor- 
roded; for the sulphuric acid sinks to the bot- 
toin> and there remains a long time before it is. 
distributed. When mixed thoroughly by agi- 
tation, the salt win never separate again; for the 
solution of salts is as perfect as any in cbg- 
Kiistry. 

Salts are separated by evaporation in two 
ways : 1st, By a brisk heal till all the water is 
dissipated. This is called evapcration to drynesSf 
And the salt' appears a shapeless, pretty firm 
mass, but the particles are very small. If .this 
operatitHi is often repeated, it is observed that 
some of the sah is always lost. Sd, By a gentl« 
beet, and partial evaporation. The salts then 
shoot into r^ular masses with poliBbed surfaces, 
more or less transparent, > calied crystals, from 
their resemblance to that stone. Salts deposited 
in this manner hnve a tendency to a particular 
form, though the different manner of conducting 
this process produces sume variety in the figure 
of the crystals. The crystals are larger and 
more' regular if the liquor is not evaporated too 
much, and if it is cooled nlowly in a vault or 
cellar. There is a degree of Iransparencv in the 
concretion ; and If the process is repeated ever so 
often, the salt will have the same form. Each 
particular species of sah has a distinct form of 
crystals peculiar to itself. Nitrat of potass 
(common nitre) appears in the form of oblong 
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pillars with sfx sidca ; miiriat of soda (common 
n:in), ill a L'l'bicul Ibriii: nitrat of soda (cubiu 
nitik;), in a rhoiiiboidal ; sulphat of soda ((il^'u-i 
betU sati), in a irase of foiir or six sides: so that, 
from the app'carance, a person accut^tomcd to see 
cr>'£taU can dtstiit^uish to wbat class they be-: 
kiii^ The cuniRiou rule of crydtallizing Saltd- 
is lu cvapiirate the fluid very slowly till a peliiute. 
itppears-at tu)>, and then set it by to crysiallite. 
It we proceed till the salt begins to congeal when 
warm, the crystallization will be ineanplete 
and irregular. It wilJ be proper to filtrate the. 
liquor, to tree it from impunttes, before we set 
It aside to crystalline. If the whole of the salt 
is not thrown down in tbe first operation, it 
must be repeated. The crystals are always bet- 
ter wbcn large, ihati when small quanliliea are 
made. A circumfttance, however, often attends- 
this which is very troublesome, viz. nbat i» 
called the vegelaiion of aalis. If we set .1 g'asa 
vessel containing a Ealinc solution in a cool, still 
place to crystallize by slow evapotatiou, as 
81)011 as it begins lo shoot it will be aliracled by 
tite sides of the vissils, and be proirudLtl up« 
wards in the form of a hollow cy^ndcr. As 
soon as it reaches the top, it vuill bend down 
and creep akmg the outside of the glass, till it 
become? a son of siphon, by which the solu-i 
tioHj as the sah is spongy, is drawn over the 
vessel; so that, unltss we carei'nlly watch it, wc 
shall lose all except what was crystallized. 
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Thii phaehOmfenon depends ouc'apUtaiy at- 
■ tracttun. The prominent Burtaces of the cry- 
>tals 6rst furaieil roimil the sides, draw up the 
solution, and theu expose it to a quicker cvapo- 
latioti. Hence an addition of projecting cry- 
stals, whleh, p^Hceediag in the same action, 
forma series of irregular capillary tubes, always 
full oi' the solution, and always lengtheniiifTi till - 
a siphon is formed, by which the reuiainder 
may even be drawn out. All this may be pre- 
vented by slightly greasing tlte inside of the ves- 
■el above the liquid. 

Kn^siastic ctiemiits, observing the cott- 
cretiou of salts shooting into such faotasticat 
figures, formerly imagined that the salts still 
retained the vegetative powers of the planis from 
which they were produced, and supposed vvHn 
that ihey saw the form of the plant in the cry- 
stals; but all this is absurd. The best vessels in 
set Eukiiiuns to crystallize in are those of a 
globular form, liie edges converging at top, aa 
that of an old retort with the neck broken. Tho 
process of crystallizatioti is not only einpluyetl 
in ^paratitig salts from water, but somitimea 
from one another, where they have no remarlta- 
ble attraction ior each other. If two different 
salts are^iasolved in the,Bame fluid, by applying 
a certain degree of heat, that salt which has the 
least attraction for water will, on «ome of the 
water being dissipared, crystallize first, and 
leave tbe otiier suspended. In this manaer, by 
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^peztiog the evapormtion and cryntatl'izadon. 
Hit whole ai388 of the salt may be separated. 

Sails have generally been treateii by theniists 
Hinder tbe form of crystals, and under this state 
are the most rem ark able } but this is not the 
most simple state of salt. Crystals abound 
with water: sulphat of soda contaiiis oiie^third 
• water; hence the phKoomenoa of their ui^erif 
Jusioa, ^areicence, and decrepUaiion. Cv^r. 
slals put in vessels over a lire soon aasuina 
the J'orm of a watery flutd ; for the water they 
contain is sufEcient, when heated, to diasoLve 
them: if tbe heat is increased, the- water will 
boil with violence til) it evaporates, a salt wtl} 
then be formed that has lost much of Its ^rmtit 
weight. This dissolution in called the watery 
fuiion. It generally happens at the same degree 
of heat at which water boils, and must be di-t 
stinguisbed from the true fusion of salts, which 
lakes place after the water is evaporated. 

Efflorescence takes place when the cr^-stals^ 
being exposed to the dry air, lose their transpa- 
rency and crystalline form, and fall mto w/iile 
powder, as happens to sulphat of soda, &c. The 
reason of this is, much of the water evaporating, 
.the rest is not sufficient to preserve them in the 
crystallized form. But this does not happen 
with those crystals that do not contain so much 
water: these will require a brisk heat to render 
theni fluid [ the quantiiy of water contained in 
them is small j and when separated, by being 
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converted inio vapour, the cmlal will burst 
vtith a kind of explosion, as we Ree oa throwii^ 
commoQ salt into the fire ; and this is called the 
^crepitation of salts. 

The first theory of the crystallization of salts 
was, that the form of crystals was the form of 
- the ultimate atoms of salts, and that by a regu- 
lar combination uf these atoms the lai^e masset , 
were produced. There are many difGculties in 
supporting this suppusition ; the form of the ul- 
timate atoms being the same as thatof tbecrysiaU 
may be understood of some salts, but of many 
crystals it cannot. 1'hus the crystals of salt- 
petre are prisms of six sides, and then its ulti- 
mate atoms must have only three sides. TTie 
particles of many of the salts are not in contact 
with one another, as the interposition of the 
water they contain must effretually prevent the: 
union of these particles ; the shape of the cry- 
stals cannot then depend on the particles of salt 
touching one another, as in sulpliat of soda^ 
alum, siilphat of iron. Sec. But, in fact, cry-, 
BtalhZEttion is not peculiar to salt, for there are 
no bodies which do not show some leniicncy lp> 
it in their passage from a fluid to a solid stated 
as when thty have been dissolved or melted. Thiw>i 
if melted- metailic substances cool slowly, they, 
always show a tendency to crystallization. Soinej 
have regular figures, and appear like knots, trees>j 
&c. Many metals have oblong masses that re-t 
semble those of ealt, but are mote compacb I'.vatt 
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waler, wiiicli some have .thouglit conjisrcd rofi 
liuJe spherical partick-s, has a dUpositlun to. 
LTj'StaUizi: ; iia icicles are obloiic masses, always 
di'terQiinfd and regular in their funn, and havc- 
ccrlatn angles which they always afiect. Thus, 
if we expose water in a hasoii to be frozen, the 
icicles always nui in the same angles, and are 
joined to each other at the same angle, not un- 
like the vanes of a feaiher, or the leavts of 
many vegetables. Sir Isaac Newton, from hiS' 
itlea of the regular manner in which sails are de- 
posited in ratik mijile, as he called it, thought 
that the crystals being deposited from the water, 
in a regular niaoner nalurally asaumed regular 
forms; but this is not a sufBcieiit account of the 
niatlcr. The crystallization of all substances 
isj. ia-/act, now agieed to proceed by ihe sncces- 
Bive deposition of molecuis, or very small parti-/ 
cles, in series, the increase or diminution of- 
which by one, two, three, or more moleculiE at 
ft time -may produce great variety out of the same 
t>rimary forms. 

ll was furnicrly common in me4icinc to ta'k 
of the fidiuted particles of salts, anti to say that 
tliey tut and stimulate in consequence of ibcir; 
mrehanical forms when taken into- the body> 
But what greater reason have we to suppose thai 
the particles of nalt have any more these forras- 
ihan the particles of water? Sails piohably pro- 
duce their efiJecIs in consequence »f their attrac-> 
itun forlhe anioiaL fluids. The sulvcut poweE 
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of every fluid is in proportiMi to the different de- 
grees of attraction it has for different sut»taiicesi 
All the various kinds of salt might be equall/ 
niixcd'with water, if their attraction for water 
was equal. In many cases, waier being sMiirat- 
«d with one salt will lake up a portion »f a: dif^ 
fcrent kind. If to water saturated with- nitrat 
of potass (saltpetre) I add comnioH salt, the wai- 
ter will dissolve- more of ihe s«ltpeire. This has 
been thought an uncommon phenomenon} but 
front this fact t infer tliat. these salts- have a 
tinall degree of attraction' for each othen, thougK 
(his- doL'S. not appear on any other occasion^ 
Many of the saline substances, have a itroiTg at» 
iractiisn- fat each otherj and- aflerwards unite 
wry closely ; others do-not act strongly oii each- 
other, and may be easily separated after uniutu 

(f we dbsire to separate salts-in solution, -We 
make use of thn'e means, according to their dvl- 
krence. of JvlwUtUi/!, solubility, sad. cryslalUza- 
Mmh U- the salts differ in volaiility, wo put 
them' in a' retort, and obtain- the more volatiiei 
If they differ' in solubility, we may partially 
tvsporale the solution, and thus the less- solubk 
may be taken'out in-'crysiais. Sattp«tTe,.tiK'in*- 
stance,, tmtuem I y uoniaip^ muoh^coromon- tait-.- 
Diiflolve the salt in hot water;^ as- the waief 
eootsi the Baitpetrc falls- separate from t):i«.'coin4 
Bion salt, for the heat of ihe-waterloeefis mucti 
more of the saltpetre dissolved than when cold 
ifspan/do^.' Amther. way Is this:, distolvft- th& 
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Bi^l in water, and put -the water on the fire t}|I 
much of it has evaporated; tbecommOD *aU wiH 
then tall, whilst the saltpetre is dissolved; for 
the heat of the water will keep the saltpetre 
suspended when it will Dot suspend common salt. 
Common aalt does not disbolro more easily in 
hot water than in cold. When the water cools, 
the saltpetre will be deposited. Evaporate the 
water again, and so all the salts will be alternate-r 
]y deposited. 

- If one of thesalts isdeliqucsaent, and we are 
indifferent about- it, we may set them on a 
apoogy paper, which sucks up the deliquescent 
salt as it liquefies. 

If these, methods do not answer, the only re-r 
tnaining one ii crystallization. The separation, 
by cryuallization, depends upon the different 
finnn of the crystals, when we pick ihem out, 
■and separate such nt differ io form, and assemble 
such as agree. This meansof scparatioaisnol 
to perfect as the others. Few of these metbodi 
of making a separation answer the first time of 
f erforming them e as in the separation of comr 
uoD salt from sdtpetre, the saltpetre stunetitnes 
still coiitains a portion of common iiit, wfaich 
Eoakes it necessary to Kpeat the operation. From 
common s^t ^e may genepally obtain afjuautU 
ly of sakpetrc; atu) somclimes w« must crystak 
trse it ^iKe ot four times befiure we have it 
pure. 

Notwithstanding all salts are, as we hatic aecn. 
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<;empoiij)d iao^ios, yet « distinction was Bsublisli- 
ed by chunists j and some, such aq the alkalies- 
snd acids, were called smple salts, becttus^ a^ 
wtti tbey were r^IIy so, though they might be 
eompoundcd of other matters : the others, which 
ue a corobioation of two salts with each other, 
orafsofloe saline substance with atiother matter, 
Aey have termed compoujid saltj ; sueh are the 
combinations of the acids with alkalies, earths, 
and the oxides of metals. Later chemists have 
wibbod to. confine the term salts to these last 
only. It will, however, facilitate. the matter ta 
the student to treat theai m some measure ao-^ 
carding to tha old systeoi, which will at least be 
always necessary far the metbodiial arrangement 
or classification of salts, even if we exclude frqai 
that deuomination the pure acids md alkalies. 
I shall therefore first take a sbojl view of what- 
are called the simple salts, which are divided intQ 
the two orders oiatkf^t >nd ecids. 

Of alkalies there ane only three— sod^ pptass^ 
and "ammonia. Th« cb4r»cteristic pommon tOr 
thus all i$, that a v«ry vnaH quantity of tbem, 
^dded to aq -infusion of rad or lltte coloured ve- 
geta:blB substances, turps it grae», .or a^lishei, 
the reddish cast of the piirple, Tkft strongest, 
alkali produoes tb£ strooge^t green- A.lkalies 
are hot and pungent to the tast^, have a great 
degree of detergency, and are very conosive ai>- 
plied to aniauil substances. 

^oda and. potass, are the oxides of peculiar 
met^s, which, like meccury, coirtiiiue» ft.Suid 
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st^te ill the ordinary Hedt of our atiDosphere, 
but of thtir other propertW liHle is knowni) 
They have a near relation to each other, ye*' 
they are distinguished by the naities of the nsiv 
rteral and vegetable aihaltes, as before remark* 
ed. When (itire, they are dry and loliil sub> 
ttances, of a white coteur. They a»e sacaaatio 
that (hey cannot be handled without injundglhe 
skin. 

' Soda has an the generaT quah'tks of a salt; itr 
requires a strong heat to make it melt; it Is taay 
to cryataltise. These crystals, Uom nhe Isrge 
quantity of w«er they contain, which adhere* 
Ibosety tO'them, and is- generally about ooe-lialB 
of their weight, ai<e liable te spaotaneoua cal- 
ainMion or watery fnsion. U the wateii isquitc 
eva^rated, there remains a white saltiie crust,. 
whichmayagaiit.be disMiLved. in: water and cry- 
Stdiiz«d. 

This salt h» hee» tfe« Tongest Icnowii of any s 
it 16 litis' we find recorded in- history under ihe 
name of nitre. We are told'itiis to be found in> 
£gypt, in pure crystals, aUoin Persia> where iv 
appears hke hoar-hrosti we- do' not, hotvevvrj. 
Aieetit so in £ur\ipe. We sometimes, indeed,; 
findisome particlas of it pure in mineral springs,.' 
48ooi> the surface nfne« walls, in the form of 
a^damp or dewy efflovesceBcQ ; but hera, 3s welli 
Mill mineral sppingsi it is only found' in snralL 
'quantities. In &: command state inis. found, ini 
abnndaticsiJ Common' salt ts a ooiiibinatiun.of. 
it with »utia;ito acid; tnd tbtsis , found i^tsuciu 
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<l«antilie8 in the bowels of ihe tarth, that it' 
thence derived the name of fossil salt. 'ITie soda' 
which is v-vd in ihp ans is pref^ared from the 
ashes of sea plants; that which is in greatest' 
perfection comes from the Mediterranean. The 
sen plant which yields it most pknlifully it' 
called kali, and by the natives snda ; hence ita 
name. Soda is used in the mamitacture of ioap, ' 
and of glass, in bleaching, dyeing, &c. In coiit- 
Oierce it is often called by the name of barilla. ' 
Potass, wKtch is the other fixed alkali, agrees in 
several c ire 11 mstancea with the former: it isacrid> 
when applied i» the tongue; requires as great a: 
degree of heat to melt ; and in a very strong heat 
flies off totally in vapour. It differs from soda in 
having a much stronger altraction for water^ 
dissolving more readily, and in Itss quaniities,' 
in general not reqtiiriug more than an equal' 
weight of water, lis union is attended witlii 
tome heat, and this is thought a proof of itsi 
strong attraction for water. It is deliquescent,: 
and- requires more heal to expel the water tham 
soda does. The vapour expands very violently,, 
and we must be careful that it does not boil over.- 
It iS' generally evaporated to dryness, and has! 
been commonly supposed not to assume a crjt-._ 
stalline appearance. Saturated, however, with* 
carbonic aeid, it readily shoots into rbombaidali 
crystals inure solid and permanent than those 06 
soda. The potass used in commerce i« usuaH^i 
a.caihonat oi ipotass, and it U pnove<itbat -itti 
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QOiobination with carboalc acid deprives potass 
qF its caustic quality. When treated with quick 
lime, the lime has a stronger attraction for the 
carbonic acid, and cousequently takes it from 
the carbonat of potass, which by that means is 
rendered exceedingly caustic. - The same hap- 
pens to Goda. Carbonic acid renders it mild, as 
it is called; that is, deprives it of its causticity. 

Potass bas been fo«nd in a compound state 
only in one salt, viz. nitrat of potass {nitre) ^ 
firom which, by a particular process, it may be 
obtained. It is, however, procured in large quanti- 
ties from the ashes of land vegctableit, by infusioa 
and evaporation, particularly from tbose of wood, 
in those countries where wood istliecommon fuel. 
Xt is converted into what is called pearl-ask, by 
extracting first a strong tincture from the aabea 
by water, which is called a lye. The watery parts 
being evaporated, a mass of a brownish c^loar 
remains, which is calcined to make it whiter. 
Some use another method, in order to render it 
more fixed and less deliquescent, which is don» 
by steeping fresh vegetables, particularly bean- 
straw, in the lye already described, and then 
burning tbem; the ashes so produced are called 
pfd-askes, and areprepared in Russia, and ot» 
the coasts of the Baltic. Many uses to which 
potass is applied do not require it to. be very 
fvre. . It is also easily' obtained from a vegetable 
t ibfitancc called tartar, and when prepared firom 
tbis it was called salt of tartar, wbieh whtn ~ex- 
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posed to the air ii deliquescen*, and for thkt 
reason was fbrinerly called oil of tartar. Xt.bas 
much the same qualities and uses as soda. 

Loiig since, while tbe two iixed alkalies wens 
only suspected to be compound bodies, the volatile^ 
sr AMMONIA, was prOTedtD be tucfa. It is indeed 
acombiuatioo of niln^cD or azot« with bydrageO( 
and a huodpcd parts of Mnmonia contain about 
ei^ty parts of nitiDgea aad twenty of hydroo 
gen. This has beeq shown by the experiment* 
of Berlhallet, of .Dr. Austin, and many modem 
efacmists, who havsnot only separated ammo* 
nia into its compoaent parts, but have Tteom-> 
pp9e<^ it from a union of ibe,4wa ingredients, 
. Ammonia has-been long known in commerce 
ttnd«rtbe names of volatile alkali, volatile, salt, 
and spirit of hartshorn. Its volatility is such, 
that" under the ordinary pressure of 'the air it' is 
constantly ilying off in vapour, which, though 
we cannot see, we are sensible of by the smell. 
Its acrimony does not produce its effect* so con- 
stantly as that of ihe other two ; for, if applied to 
the skin of an animal, the beat soon causes it to 
fly off in vapour] but if confined by an adhesive 
plaster, it has the same acrid effecls as soda and 
potass. It has a considerable attraction for wa- 
ter, and sometimes crystatlizes; but Ihe crystals 
cannot be easily separated from the water, the 
alkali being more volatile than the water, and being 
converted into vapour before the water. We 
roust therefore have recourse to the retort, and 
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diiti) ihe Golutika when we want to separate the 
ilkaUf'rcuu rhe water. In the lint opcntion we 
can pcihapg obtain one-half of tlie alkali; and 
if we repeat it, we shall obuin it complete and 
solid. 

' Ammonia is sometimet pmiloced by ft natural 
process, as is easily ditcowrable in large stables 
which are kept close, where it aS«et> even the 
eyes on eotering. There is indeed alwayi a con- 
querable quantity in the air, where there are « 
number of animals together. This is proved by 
exposing (o the air any »lt that has a strong at- 
traction for it. It is only met with iu 8 goed-^ 
pound state in'nitrat oiinmiat of ammoaia^tbe 
Utter of which is t&c common sat ammoniac, , 
and the former is eoiBetimes found in the neigh- 
bourhood of volcanoes, or coal-mines that have 
burnt for a long time. rFor use, the volatile al- 
kali is chiefly produced from animal subaiances^ 
pirticutarly hones, or from soot, and pidre^n^ve- 
gttalleii but it is most ci>nvcDieoi to prepare it 
from the hard and burny partsof animal substances. 
The horns of deer were formerly used, hence it 
obtained the name of salt of/uiTtshorn ; when ob- 
tained from soot, it was called spirit of' soot. The 
volatile alkali is eaitily separated from the others in 
sal ammoniacs ; hence the purest volatile salt is 
procured from sal ammoniac, and hence it was 
called volatile sal ammoniac. 

The alkalies are of very extensive use in the 
Via, panicuUrly in bleaching and soap-making. 
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bom tlidr detci^ent or cleanatng-<piality, whicit 
is the n'»u1t of their laUfattion i'tir oily matter; 
for tlirt or f'oiihuss is generally some ■ mailer 
united with grease or oil of some kind or other. ■ 

Soap cotisigts of an alkaliy almost always oner 
of the fixed alkalis, united with oil or fat. If 
cither of the&^Knbatances he hoi ted with a strong 
lye nf potass, the oil or grease, which commonly^ 
reptU water, now, by the intervention ot' the 
alkali, mixea rpadily with it. Potass alone, hotv- 
tvtT, onJy produces a »ft soap. In order to 
obtftia hard soap, the compound is boiled in 
water, with a quantity of muriat of soda (com- 
mon salt) . The explanattoo of (his process de- 
peoda on (he doctrine of affinities. Tha mu-' 
natic acid has a stronger affinity for potasB ; it 
therefore takes a part of that subMance from the ' 
oil, and gives it in exchange the soJa with which 
it was before combined. This consolidajioo of 
the soap enables the manufacturer to gel it easily 
clear from the water, for it now forms a cutd on 
the surface of the fluid, which ntay be drawn oS, 
from uniiur it by a pipa at the bottom of the 
vessel . 

More salts are referred to the class of acids 
than to that pf alkalies ; but at present we shall 
turn our attention to the three principal mineral 
acids, called mineral because originally extracted 
from mineral substa^iccs ; these are the sulpimiiCf 
nihk, and mtiri<ftic. The only form in which 
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w« can obt^n them is in that of a- watery fluid. 
In this state they must be considered as volatile 
with respect to other salts, as the most fixed of 
them docs not require above 600 degrees to con- 
vert it into vapour; the others become volatile 
with a. much less degree of heat. They have a 
greyer attraction for water than pbtass, or my 
other substance. Their union with it is attend- 
ed with great commotion and heat ; though 
when mixed with ice or snow they produce cold. 
The nitric acid producee°the moat intense cold. 
Some have imagined Jhat the sulphuric acid 
produces heat with ice ; but they have deceived 
theuiBelves in making the experiment, by mix- 
ing too much acid with the ice. No more aeid 
Ihotild he ddded than what is necesBarj' to liquefy 
the ice ; for, after the ice is melted, the acids pro- 
duce heat in proportion to the quantity of acid. 
When diluted with water, the mineral acids can 
' Only be distilled to a certain degree of concentra- 
tion,. It is ptam they have a disposition to solidity, 
and that the reason of their fluidity is their strong 
attraction for water, and the great difficulty of se> 
parating it from them. 

■ The sulphuric acid has been crystallized by a 
great degree of cold. The regular crystal tizat ion 
depends on a certain degree of strength, 1*78 
specific gravity, and is favoured by the mixture , 
of another acid, as the muriatic- or nitric- It 
shoots into (Jne crystals in this case, in a tem- 



■jijGoogle 



Salts. t41 

perature^everal degrees above the ireezlng point 
The crystals are rhomboids, like those of cw* 
bonat of soda, and liquefy at about 45". 

Tbe nitric acid is always congealed into a 
number of spicul« at four degrees below Fahr. 
"We have no account of the congelation of the 
ihuriatic acid; hut it is highly probable that it 
would also congeal. 

Another general property is, that they change 
the colour of blue and purple vegetable sub- 
Btancefl into S bright red; and this they do, 
though the infusion has been changed into greea 
by an alkali. If the change has been recently 
produced by an acid, the infusion may again be 
made green by an alkali, and so on alternately. 
It is common to deepen the colour of conso've 
of roses by adding a little acid, by which the 
conserve appears richer than it usually is. 

A further property is, they readily unite with 
alkalies, and when the alkali is what is called 
'mild (that is, in the state of a carbonat, or com<- 
bined with carbonic icid) produce great effer- 
vescence ; the reason of the effervescence is 
plain, as it is caused by the expulsion of the 
carbonic acid in the form of gas. Acids also 
unite with metals, lime, Stc. 

Lastly, the mineral acids show a remarkable 
degree of acrimony or corrosiveness when ap- 
plied to animal substances. If taken internally^ 
in their strong state, they are poisons; if ester- 
oalLy applied, they give pain like burning, and 
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destrpr the part ; if dihiled, tliey prevent firr- 
mcniation and putrefaciion, are astringent, 8tc. 

Sonic of ilie vegeiable acids are so mild that 
ihey may be safely taken into the sioniach. Vdu 
»i!l remember uhat I hare laid down as (he 
ihird canon of chemistry-, Thai all acids are coiii- 
Jiiaations of othtr substances with oxygen. 

Isl, Su!p/iiiric {formerly called vitriolic) acid 
annonnces its origin by its name. It is a com- 
-binatbn uf sulphur with oxygen, and is obtain- 
ed by burning sulphur in air, or wiih any sub- 
stance containing oxygen. In the great way a 
chamber \s prepared lined uiih lead, on nliich 
iiielal the sulphuric acid does nut act. Ilie 
hnttom of the chamber is a large leaden cistern 
containing water. In this place sulphur is 
Jjurned, together with a rjiianiily of common 
nitre, which 'n necessary to supply the oxygen, 
.the chamber being thised from the external air 
to confine the ^-apour, Thc-anlphur and oxy- 
■gen rise in the form of sulphurous gas, which is 
absorbed by the water, and when it is of sufli* 
cient strength it is drawn off into brge gla^ 
vessels. The snperfinous water is aflcrwards 
«xpel1ed by placing these vessels in a sand-bath 

■ till ihe acid is sufhcienily strong: for (he siil- 
.pburic is one of those acids which are called 

' ^fixcd, because they do not like vinegar rise in 
•vapour with heat. The sulphuric acid, when 
pure and as strong as possible, is clear and heavy, 
its specilic gravity being to that of water as 
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idgJiEeen to ten. From its having less fluidity or 
mobiiily, and arv appearance of Gtiiggishncss, it 
lias been impFoperly termed oi! o£ vitriol. It is 
not -volatile, and being more fixed, than water, 
emits no fumes ut)derthe qrdinary.heatof the air, 
and therefore has no smeil. Its violent atCrac- 
lion for water often breaks tb« vessel in which 
they are mixed, by the heat. It also attracts 
from Uic air on the first day oiie-ihird of its 
{weight of water, and in six days more (ban its 
u-eight. This depends, however, on a large sur- 
face being exposed (o a moist air. Its attracting 
more copiously at first, shows that the attraction 
of the acid ibr water lii mini shes as it approacbei 
nearer saturation. When we add water to di- 
lute thiR acid, it sometimes becomes milky/ and 
a whitish powder falls to the bnttom. This 
pha:nomenon happens on account of its impuri-* 
ly, for the pure vitriolic acid when mixed with 
pure water ias no such appearance. The water 
itiay in a great measure be separated by distilla- 
tion, but not in open vessels, as we should then 
lose part of liie acid. When put into a retort, 
;lhe first vapour that rises is pure water. In pro- 
portion as .the water diminishes, a more violent 
iieat of about 600 degreeii is required to raise the 
vapottr, which contains more and more acid, lill 
at last w'bat comes over b as strong as what re- 
pi^ns behind. The less water there is, , the 
greater allraction this acid has for it; so that at 
],he last a quantity of water remains united with 

i 
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it, which it m y>t in oar power to separate. The 
process must be repeated till it is made of 4>e 
•tandaixl streagth, which is knownby its weight* 
being to that of water as e^bteeu to ten. If we 
require it very strong, the separation mt»t be 
Fery slow. 

If a.drop of sulphuric acid falls on clotbes^ it 
seems at first to have oo effect ; but after a few 
days the clothes break into a hole, which con* 
stantly enlarges for a l<M)g time ; the reaion is, 
that the actd takes some time to dissolve the 
particles of the cloth; when it has dissolved 
them, the action of it continues tiU the alkaline 
salts it mtrets in the air destroy its effect. Whea 
mixed with Florence oil, the siilphuiic acid acts 
upon the oil, so as to form a dark viscid sub- 
etance, like tar, producing a considerable degree 
of heat, and a vapour in smetl resembling brim- 
atone. The oil will afterwards dissolve in water. 

There are other oils on which it acts wiUk 
more violence, as the aromatic or volatile oil*. 
Thns, if to oil of turpentine (which is better for 
this experiment when thick by standing) the 
sulphuric acid is added, it boils with violence, 
and very noxious fumes are produced. A black 
toagh substance is the. result of this mixture!. 
Two ounves of each of ihese ingredients shaken 
tt^ether in a corked phial, became instantly 
hot, and, being set down, forced the coiicj 
and every drop passed out with a hiss- 
ing Doiise, forming a very thick dark cloud. 
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fk>iB wbfcb Ml a stmng atfid^ fiitiifni>cHis ma ' 
all over tiks toara. 

UoeoiabineditiitlkoiygAD, yoii knc seso, aul- 
ptuir w{mts (be acii} propecties. : it i* quite mitd 
' acui hBrflileai, and prvtre* a. B«fe and lafutary 
mediQinfi. Tlic acid attracts watet yiokntly ; 
but mlpbor is incapable of being sombiaed witb 
wateFj ui^eii vre adit utmediing that bat a great 
attraction for water to it : the activity of it th»e- 
fom wbolly depends on iia combia^ioti with 
oxygen. Tbis is indeed the sate witb all those . 
radical subetancea which are the bases of the 
acids. Sulphur, however, poaseises some of the 
propcrtice of the aeid, tboup'. in a low degree. 
It.luis 3B attsactioB. &» alkalies; ibr by mixing 
potastj and sulphur, both in powder, and pour- 
ing bqilisg water' Upon, tfaem, they act upon 
«ach other, and lbs sulphur ii rendered ao-' 
bible in W3l£rt Ths mixtiim always turns thp 
Tvftt^ td a d^ep colour, yellow, greai, or a deep 
led (the solutton of the alk^i alone would have 
\^eo. colourless), and it has the smdl of rotten 
«gg», or the scouring of a gun, which scouring 
♦f « gun is produced from a sulphuret of potass, 
ttiB more volatile parts being sent off in the 
txplosion, gunpowder being a composition of 
pitre (nitrat of potass), sulphur, and charcoal. 
The oxygen of the nhre uniting with the char- 
coat, forms carbonic acid gas, the nitrogen of 
the nitre is disengaged, which all go off in an 
aerial form on. the explosion; and the fixed pact, 
VOL. II. u 
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the potass, unking with' the sulptiur, forms a- 
sulpburet of potass. If the alkali and the sul- 
phur are mixed together in a dry form, and a 
sufficient heat is applied, when they begin to 
melt they unite with efferveacMiee, and the pro- 
duce {flulphwet of potase) was formerly called. 
hepar svlphuris (liver >of sulphur), from ita re- 
seinblance to tbelirer of animals. Soda will fom 
a similar compound, 

llie sulphuric acid may be obtained from sul- 
phur, by spreading the sulphur on a plate, and ' 
covering it with & glass bell, the inside of which 
is wetted with the dew of hot water; the sulf^ur 
being inflamed, the vapour arising attaches itself 
to the dew. This process has been already ex- 
plained. 

It has been supposed that the sulphuric acid 
exists in the air : the only argument for which 
opinion is, that on exposing an alkaline salt to 
the air it is said to attract a quantity of the acid. 
But there are no accurate and wetl-attested ex- 
periments to prove this, but rather the costrary. 
Neumann, the most curious and exact chemist of 
his age, did not find Eulphutic acid in rain- and 
snow-water : the place where it is really found is 
in the bowels of tbe earth, and in mineral waters 
disengaged from every substance but water, but 
in very small quantities. It is found compound- 
ed with other substances, as ores of metaisi 
gypsum, &c. Its uses are in pharmacetuical 
pperaiions, dyeiog> bleaching, hat-making, &c. 
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Brewers also find it the most eff^tual meant of 
cleaiuing their foul casks. It is conimon to see 
ihem bum a Bmall quaiHity of brinistoae in tlieir 
empty casks, which fills them with sulphurous. 
acid gas, and thus cfTects the purpose. 

The nitTK and muriaiic acids are so named< 
firom the two salts, tiitre (nitrat of potass) and 
common salt (muriat of soda), from which they 
are always prepared. Tu their strongest state 
they are not so heavy as the sulphuric acid, 
therefore are said to contain more water and less, 
•alt They are more lixed than water, requiring 
a little more heat to convert them into vapour. 
Yet we have reaeon to think that the saline sub- 
stances of which they are composed are very vo- 
latile,- but they seem depressed by the water ; 
Slid it is jremarkable that a strong acid Is more 
fixed than water, though composed of water, 
and a salt more volatile than that fluid. If heat 
is applied to these acids, they 8y off in elastic 
vapour,- which it is impossible to condense, any 
luting, or even the vessels themselves, being burst 
I^ it. If, however, we throw a small quantity. olE 
water into the receiver, the vapours are immedi- 
ately absorbed by the water; yet if we continue 
the heat, the elastic fumes again arise. The more 
water we add to these acids, the more we de- 
press their volatility: they may, when diluted, 
be concentrated, but not so much as the sul- 
pbuiic. 

H2 
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The nitric acid, which is a- condHaatioB «< 
sitrogea or azote {the uopure part of our at- 
mosphere) wil^ ozygeu,' iu the proportion of 
tfiineen parti of nitrogen to righty-sevea of ozy-. 
gen, is a fiuid of considerable weight, but not 
qtute so heavy as the sulphuric. In its strc^gest 
state it is u/Aite, bnt the action of light by de- 
velopug some nitrous gas gives it an uange to-. 
lour, and then, when exposed to the air, it con-. 
atantly emits fuBiea, tbe quantity of acid it con-i 
tains being greyer than tbe wateE can lepressy 
and these fiimes an nozinus. lt,fi<anes with oil 
of turpentine. In diis experiment add a little 
niiphuric to the nitric acid, which increases its 
efiects. Many other oils would succeed witb« 
out the sulphuric acid, as oil of cloves. The 
acid ought to be recent, fiir if long kept, or ia 
bottles not tight, it loses its power. - 

The nitric acid emits fuates which ting* tba 
»r the same colour as' it^lf, capecially the air ia 
the bottle with it. It readily attraota water from 
the air : but when tba water is added in any 
quantity they unite with violence, producing 
heat and copious BiBieB. The colour of the. acid 
is changvd to a green, and sometines to a blue, 
and upon the addition: of more water, the green 
gradually disappear. Some here attempted to 
•zplun this phEBnomenon by saving that the co- 
lour is owing to a< snail ^lant^y. of eopper cota- 
bioed in the nitric acid, for saiine liquors are 
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toand to pnxtucc a green colour with copper; 
but this is iKA the case. Tbia cnloor on mixing 
Ae acid with water is «ot' an inaeparable quality. 

Il Was mentioned (Led. XXVH.) that there 
W« two etato) in frhich this acid appears ; 
4st) The wUricy «t the ba«e fully saturated with 
oxygen ; sdly. The nitrous, or the nitrogen com- 
bined with a' smaller proportion of oxygen.— 
£uch is the aquafortis oi' the e4io|», which is not 
only w«ak hut impure, his, however, a »b- 
Kance of eoHnderable iiAportance ia ibc art3> 
^articHtarly in dyeing, etching on copper, and 
assaying ores and metals. Nitric acid «i itt 
Mrongeat stMb, h ftren moK 'corroaive thxii the 
Mlphunc. 

l^is aicid «nth ice or Miow it used to prodaee 
coe of *he freewftg ifiiirtHTes. There ie no dif« 
fornce between snow and ice in the efTectSj ex- 
tept thM t^ enow being more divided, give! a 
greater extent of surface for the »cid to act on. 
Such an imonse degree c>f cold is produced by 
IJK mixture, thai if the glass n breathed upon, 
the breath is instantly frozen, and for'mg a hoar 
&08t.- The mime colour takes place on ihesnow 
being dissolved, as when the acid is mixed with 
Water. 

The nitric acid is found in very small qeanti- 
ties io the air ia the real acid state. But in fact> 
the whole that we possess conies originally ftm* 
the atsioophere ; for saltpetre, or nitrat of potaes, 
Wbtnc« it is prepared, is obtained by lixkiiathi^ 
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(or washing) earth and rubbish which has been 
long exposw) to the joint action of the atmo- 
sphere and animal effluvia. Yet it appears to be 
the impregnated calcareous matter that deter- 
mines the Tormation of the salts found in it, and 
not an acid ready formed that finds out and 
seizes the former. 

3d\y, Themuriatic acid, ia its strongest stale, is 
a. lighl-yellowisb-coloured fluid, and emits fumes 
when exposed to the apr, which do not tinge (he 
«irred>but imparttoita mistiness. These fumes 
are noxious to the lungs. Its smell resembles 
that of burning soot. 

The radical or base of the muriatic acid is at 
present unknown in any other form. It is ,<^ 
course as an acid combined with oxygen. It is 
more volatile than the nitric, is not near so heavy, 
and upon mixture with water produces liot so 
much heat. This acid is only produced for use 
from common salt. 

There is a modification of the muriatic acid, 
which, on account of its singular properties and 
important uses, must not be passed over. It is 
the oxymuriatic acid, or the muriatic radical 
still further oxidized by distillation from man- 
ganese, a mineral substance abounding in oxy^ 
gen, and which parts with it readily in this pro- 
cess. For this discovery we are wholly indebted , 
10 the illustrious Scheele, who also demonstrated, 
all its most striking properties. It arises from 
the mixture in the form of gas or vapour of « 
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yeUowish-gKeD ccdour, which ii recdily absoib- 
^d by water, conattutiDg a liquor not acid, but 
SBtriiigent, to the taste, yet ai^roaching more 
neivly than uxy known fluid to the character of 
a uDiveraal aolvent, few lubttancet being exempt 
from ita aclioo, and gotd, wluch reiiitli bo many 
WenstTua, yielding immediately to this. The gaa 
is exceedingly acrid and peoetrating. It kills 
SDimals which respire^ it, but lupportB com- 
bustion even better than common air in many 
^ases, and sets fire to various combustibles, and 
even raetals, when plunged into it in a dry and 
divided state. 

It rapidly destroyfl v^etable colours without 
turning the bluea to red. This property it re- 
tains in the liquid state, and combined with Ibe 
alkalies or lime. It is accordingly become an 
instrument of the utmost value, under judicious 
maaagemeut, to bleacbeVs, who are able by it* 
aid to accelerate at will that long process of 
oxygenation, by'which the joint powers of li^t^ 
«irr and water, slowly and imperceptibly ex- 
tracted from the fibre of linen and cotton their 
original dusky tinge. With the alkalies it 
forms salts of equally singular properties. 

There are al«o other acids derived from the 
mineral kingdom : as the arsenic, tungstic, mo- 
lybdic, See. which are only metals oxidized, and 
their properties aa acids not important. 
; 4thly, The boracic (Formeriy called sedative 
talt, from its supposed medicinal power> and 
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i^McHj niUi vji», ttmatitmkt Hie v^*kwM11 
Mik boras) it pertMps matt {mfialf Miiitei t« 
Ifac naoR of A ninenl acid. It la obMhiCd Ofil^ 
from bom^ whicb is imfioiicd ftom tbv BbU 
JndicB, and of tlw ongitt «f «htch «vt )ikv« v«f^ 
iiltle accoaal. The mUfaod ty which it it «<'- 
tfscted is BtKh, tbat it b«a ne «(ber fortt thwA 
erystatfc, whicfa an coniptnetl of vtry fim smM 
6ake$ xdbering slightly togcthtir; they f«d 
tmnoih and slip^ry, am) are i«mtifk«bly iighti, 
From sotoe expenmeiits We Inight conelude that 
ftome part of the salt is Totstile, Mid some fixed t 
bt)t in reality none sublimes, but whM is carried 
off with the partlotes of water. If to the crystals 
we apply heat> the first effect ii ait eihaiat' .1 of 
« tittle water With a quantity of Balt> whici wh* 
limes in crystals of thin plates much finer sad 
thinner than before) what remains citdarcB atrf 
dt^Tce of beat without being volatilized. Wlwn 
ted-hot it melts into a mass likt glass; it hai 
the Same lort of transparency, and preserve it 
wben cooh it may be again dissolved by f^oor^ 
iag eold water upon it, and may be afteirwardi 
Crystallised. The euhlimed particles returned 
and subjected to the same nperatiod, put {fa tbA 
■ame vitremis appearance. 

Boracic acid has but little attraction fat w«t«f 
(t. e. for more than k always contains) . It dis- 
eulves but in umall quatltitieg ta cold, and not 
much in hot water; it crystallizes again when 
cool in little transparent whitish kiolts. Ita 



D.5,l:sdl., Google 



Midi, 1^3 

properties at ui acid are v«ry weak; it. has nb 
'taste at first, bst afterwards gives a sensation of 
'bittemesB. Its efiticts are still weaker upon the 
Tegeuble tinctures, than even the vegetable 
scuJs: sometimes it does not aflfect them, and 
when it does, I ^prehend it is from sotne othef 
■acid it contains. Tried upon tinctuM of roseis 
and violets, it bad no effetrt. litmus (which 
is more ddicale, beio^ a preparation of one oC 
^ mosses used in dyeing, and whi£h is pur- 
plish) it changed into a sensible red. ' 

Boracic acid edervesces with a boiling hot aj^ 
k;Jine solution^ but not with meta'ls br ab*- 
*(»bent earths, thongh it may be united with 
ttKin. It has a weak attraction for inflaniiha^Ife 
Wbst^nces, particularly spirit of wine, the Hitne 
vf wbich' it lingcB green'; hence it haS be'rti 
thought to contain snmecopper, bw rte hai'e hd 
firoof of this. 

Lastly, ihejlaork, extracted from the fluor 
vr beautiiul Derbyifhire S|>ar (which is a fiuat of 
fane*). This acid possesses the singalat pro- 
perty of diesolving siliceous panh, atid,. in con- 
Se^uenoe, corrodes glass witli such ease that it 
sooa penetrates through a thick bottle. Hencd 
it is applied "to the elegant ornamental art of 
ncbittg ott gloss, in the fcJIowing matiQer. A 

• It ii extracted or erpslled fram ibe lubjtaneB with which 
ilMcQaBMted (4ime ia chit case), aiatt the weaker ictds are, br 
pouring on itsiilphuric acid.nhicli by a itroa^r attrartirti ei^ 
F& the fluoric acid.an^ tei^esthelimt. 
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wax ground being laid, and the design trac«d 
with a needle, ihc acid {kept in a leaden bottle) 
is poured on in a thin Btratum, and remains a few 
•hours, more or less, as strength of impression is 
required. Being then washed off, and the ground 
cleared away by heating, &c, the design isfimnd as 
well executed as on copper. It is smooth and 
transparent : when opake strokes are required, the 
pi>?ce, after preparation, is placed over the va- 
pour arising from a mbiture of pounded duor 
and sulphuric acid. 

. • The cafboitic acid, formerly called fixed or 
fixabJQ 3jr, tmy be said to belong either to tht 
vegetable qr njincral class, since it exists in vast 
abundance, combined with chalk, marble, and 
limestone, from>luch it may be expelled either 
by heat or the stronger acids, and is also the in- 
variable and copious product of the vinous fer- 
mentation. In all case's it is first set free by a 
strong effervescence in the form of an invifible 
elastic fluid, which heing absorbed by water^ 
gives it a brisk acidulous taste, and consequent- 
ly is an ingredient in many, or rather most,. of 
(be spa waters. Carbonic acid gas is about 
twice as heiivy as common air. Hence it may 
be received in open vcSisels, unconfined by water, 
may be pouredintootherslike that fluid, and will 
with equal certaint)^ extinguish ilame, and suf- 
- focate animals imn^erxed in it. 

The base of this acid is carbon, and from its 
acid character it is to be inferred that the carbon 
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is combiqed with oxygeu. Burning cbareoal 
xfibrds . mijcb more than it^ own weight of it. 
The -test for it» presence b cle&r lime-water, 
from which it throws down the li4ne in the form 
of a white curd, wbich U chalk, or carbooat of 
lime. It is in this manner that stalactites are 
formed. When water holding lime in solution 
oozes in drops through the roof of a grotto or 
cavern, where there is carbonic acid gas, it is 
immediately suzed by the gasj which uniting 
with the lime forms a solid ring, on the surface 
of the drop where it is attached to the stofie 
n^of. Another drop succeeding, another ring is 
produced upon the former. Thus, m process o| 
time a slender tube is formed, generally fuU of 
water, with a drop suspended ffoia the end. 111,6 
Itihe^ however, gradually fills up, and the water 
then proceeding over the external surface, det 
posits its liine more tjuickly in the state of a 
carbonat } and thus ihstube speedily increases t(^- 
a stalactite. The atmosphere comaius about one- 
hundredth part of carbonic acid gasdilfused in \t* 

There are yet several acids referable to the ve^ 
getable kingdom, some of which are native^ 
others artificial, products. These are the acetic,, 
tartaric, citric, gallic (acid of nutgalU), oxalic 
^acid of sorrel), malic (of apples), benzoic (of 
gum benzoin.). I sball notice in particular the 
four Erst. ^ 

The acetk aeid, commonly called vinegar, ia 
(^ its name expresses, via atgre, sour wine). 
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fcny prbpet v'mbu* liquet- readtred aieii bf <*f* 
gen absorbed fro^ the ati«cwith«t«. Th tbil 
ccH]6t)y the inlusioti of iCBaU after f«hA«nialidB 
U made inte an ii^pure vtnegBt-> wkttA bting 
distiiled-heco'ttiM a zk»t coldutleis liquid, tti«-' 
aetuftfely ivM, By frwtitig, ana by ehcmici! 
{jTAcesscs, this. may bedcpri*td df its w*iet h> 
such a &gree ias to ■constitate a very rtroftgacid 
of a pungent snrfll, and cryrtilirzible at 58" of 
the thermom^er, c 

This jici^ IB a prtiiJoctidh of ftibst extensirt 
iiti)ity, not only 'rti diet atid mtdicilie, but in 
the aits. Cbitibintd with Cftppet St fortna vcr- 
drgris, and wi4i lead ihc Eidt lAiprc^fly cdlcd 
sugar of lead. There are SrttilS trf copper and 
some othfer iMetals. 

If this acid is exposed to a ted heat, then are 
sooti tio retnains bf it to be seen, unlets it io 
anited to a fiiied alkdi, in order tb tepress ita 
♦OlitiWty. IfthfeiremralBaltalBOprodocedby this 
fiiixture is exposed to a Very sttwng heal, the 
itid is either buttil or destroyed, atid there arises 
a vapoilr of a Tery disagrceaWe BtncH, in which 
we can discover something of an in!l&aii&itb!« 
.nature, but nothing like the acid. If We exa- 
mine the rtpiarns of the cotnpound, tt* find it a 
httle heavier, in consequence of the substances 
with which it iS united. 

The acetic acid is to be destroyed by heat 
Wlien mmdwith alkali, and by itself when the 
heat is properly of plitd. Tlicre are several Sub- 



i, Google 



fetanoo* wfaieh weinniTertfed into Vapo«r befort 
«e can gire tbetn a sufficient heat Sor ia^MAnuH 
tnon-: thin ii ^e ct»e with spirit (rf wise, of 
which the Ttpoor onJy takes fire. No* if w* 
■ttasagfe the bcotih acid in the same iinfiner,.aiid 
heat it till a copious vapour arises, the vapou( 
rtill tftke fire ft other inflanmable Bubstanoes. 
Mo acKi is to he r>blaiTied frtnn the tofianed v»< 
pour, and nothing is teft behind. 

Acetk; acid w A conpouBd of ox)^^> hydro* 
gen, and carbon. 100 parts contain — 
^ Strip oxygen. 

I3'9« hydrogelu 
35*87 carbofit 
Tartaric acid. — After th« fninentatioQ of 
wine is over, there st^paratee a quantity of a sub- 
stance called tan ar, wliich encrusta the caskt. 
In collecting it from the cask^ it it necessary to 
fl)tt>w in a i^itOBtity -of iiot water, which. lUs- 
ittAvn the salt, md what the water is evaporated 
the Baits orystclliee. Rhenish wine affords ur- 
tar in the greatest ^aotitj : wben old Rbenish 
ttitie is thus depDfated it is called ol<l hock« 
Tartar tindei^oes an operation to make it fit fbi 
•nedical purposes. It was casGomary in our la^ 
boratorfM to purify it by continuing the evapor 
faiion till the tartar coiuireted in a thin satina 
eru6t at the top, which was skimmed off as,faat 
is it i^tifitared, and wab called cream of tartar. 
Leee of WW tnoUin MMar; they are dtpositcd 
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ia the form of a muddy liquor, and are Bepar^ol - 
by decantation. They yidd, by being driedi 
fcc., a lai^ proportioQ of cendres gravellies; as U 
is called in France : it is used id tbe preparation 
of ink for copper-platea, tmder tbe uame of 
Frankfort black. 

Cream of tartar, or acidnlons lartrat of potass^ 
n a compouud salt, from which, by a more 
powerfiil acid, the alkali may be separated, leav- 
ing the tartaric acid free and crystalUzable by 
itself. 

Tartaric acid coiuists of oxygen, carbon, and 
hydrogen, in die following proportions ; — 

"jo-i parts oxygen. 

ig- carbon. 

IO*S hydrogen. 

lOO* 
d'/rjc a€id mixed occasiBna% wttb tartaric 
eonstitutes the native acid of most of our fhiitsv 
Great quantities, of it are now 'obtained in 
a crystallized' state from the juice of kmons 
and limes, which, together with the tartaric, are 
applicdto use in calieo-printing; for, being mix- 
ed in paste and stamped on cotton etuSs- in 
vftrious patterns, they either present the coloue 
wiib which the ground is formed from fixing 
itself in that part, or dislodge it, after dyeing, at 
pkasure, thus leaving the in^printed part in. it» 
•ngtoaL wbitenets. This effect Rsults from 
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their attraction for the metdlJc basis of (he co- 
lour, while, unlike the mineral acids, they leuve 
the fibre of the doth untouched. 

The component ,part& of the citric acid an 
oxygen, hydrogen, and carbon. 

The malic and oxalic acids nearly resemble 
those which we have now specified. 

Gallic acid exists ready formed in galls. It 
produces a black dye with solutions of ir^i, hy 
uniting with that metal into an insoluble com^ 
pound called gallat of iron. Hence, besides the 
utihty of galla in writing-ink and. dyeing, the 
infusion of galls in water or spirit is one of the 
best tests for the presence of iron in solutions 
where it is sus|iccted, but not otherwise appa- 
rent. 

Prussia acid is al!<o employed by the chemist 
for this purpose. 

Tbia, which may be regarded as an animal 
acid, is wholly a creature of art ; and the disco- 
very of Prussian blue (whose colouring basis i» 
prussiat of iron) was made long before we knew 
any thing of this acid. For the preparation o£ 
Prussian blue,, a quantity of potass is calcined 
' with dried blood till it ceases to smoke: in this 
process the acid in question is formed out of th«. 
animal leattcr employed (which is not confined 
to this material blood), and immcdialely geize» 
the alkali. We have then a prussiat «f potass, . 
which being dissolved in water, and mixed with 
sulphat of iion (greea vitriol) , a double dccojart 
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poaitiMi ensueb, pmssiat of iron h\\» down in i 
fHvdpitate, and the alkafi is attached to the suU 
phiiric acid, forming sulphat of potass^ which 
aay be w«sbed off from the coloor. 

Phosphoric acid is the direct and sole produrt 
Mf the combustion or oxygenation of phosphorus, 
which consequently affords more than its owA 
Weight of it. This acid, deprived of all its water 
by beat, is solid, cok>uriess, and of a glassy ap- 
peamnce. It has a very sour taste, without any 
imell; is not corrosive to the skin, and readily 
deliquesces. 

Itdissdves in water, giving out much heat, 
Hke ^he sulphuric. 

It fbmis Q'ith litne an insoluble compound* 
phosphat of lime, which has the appearance afii 
propertres of earths, and is the solid part or base 
of animal boneij, in whkh it is united to gela^ 
tine, of, in plain language, glue. Hence calcined 
bones, by proper treatment, yield phoSphoras, 
l^e Oxygen being abMractwl by the charcoal em- 
ployed in the distillation, which is conducted hi 
a strong heat. , - 

The other animal acids are the uric (extractecl 
ftam calculi), the natuic, Ibe amruotic, and tbt 
lactic, or acid of milk. 

Ttie arrangement of the compound or neutral 
nlti uitder the Tiew obeaiistry is peculiarly eafiy. 
The barbaroas jargoa of ttie old school, which 
ine«nl nothing, Mich as sal drgestivua, sai mira- 
WJB, sd ffAy^vestib, i» IsatHebid, mi the Bame 
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now dscofera tht OiatcritilB ef whlob tbc tdk 
iKtaaWy cetisistG. TboB} wtiai wc hear of ttJttM 
of potass, or muriat of suda, no person. wfa6 
lctio«s imy thitig &f cheutttry caa mituke t but 
»Ast undentand that tbese mtati oompomids tf 
the Hittictuid nrarktie ecklB *^ {MUm Mid 
soda. 

TIk di^reot ^M«r« of rotnpoanil aahs »t 
denontinated from tite acids. Tbu«, w« Iwvt 
talphatB, tittr^AR, mimats, bortU, tbiMs, urtrats^ 
acetaxs, phosphate, &;£. Sot it iBnoDemaryt* 
Kttiind the student, thtit where ttie salt is comt- 
tnumkd Ot the Scid, when libt fully utoratcd 
with oxygnv, tile ctjitipoiAid n diBtiogvisbed by 
the tefnlnMioQ 4(e. Thus, the.mlphwroutacid 
produces sulphites; the sulphuric acid sulpkats. 

JThe species of compound salts are distinguish- 
ed by subjoining the base ; as sulphat of soda, 
which distinguishes the_ salt from sulphat of 
hme, or any other sulphat ; and as some of the 
acids will'unile with two bases, the triple salt is 
described by adding both bases, as iarlrat of 
potass and soda. Where there is an excess of 
acid in the salt, it U expressed by prefixing the 
preposition super. — Thus sulpkat of potass ex- 
pressea the combination of the sulphuric acid 
with potass, aiid super-sulphat of potass denotes 
fhat there is a redundancy of acid. On the con- 
trary, the preposition suh implies that there is ' 
an excess of base ; thus &ah-snlphat of potass i» 
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the salt before described, but wiUi a deficiency 
of the acid, and a redundancy of the potass or 
base. > 

Salts have also been divided into the alkaline, 
the earthy, and the metallic, according to the 
.nature of their respective bases. But it is un- 
necessary to enter into any particular description 
)pf them here, Rince the nomenclature itself de- 
fines the nature of the salts. Dr. Thomson 
calculates that there may be- about SOOO different 
species of compound or neutral salts ; and be 
Kmarks (hat ".some idea may be formed of ths 
pn^ress which this branch of chemistry ha< 
made, by recollecting that forty years ago not 
more than thirty salts in all w«re knowD." 
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LECTURE XXX.- 
CHEMISTRY. 



W^E are led next, by the arrangement ve have 
adopted^ to consider earthy and stony anbstances. 
The common dcfiaition of these substances is, 
that tketf are bodies not soluble in water, vot in- 
Jiamvuible, and whose specific weight to that f^. 
water is not more than four to one. This de^ 
finition, like that of salts, is not so precise as to 
be out of the reach of criticism, because there 
are some earths perfectly soluble in water, and 
many that are met with in the bowels of the 
earth that afford the greatest prob^ility that 
they have been in a dissolved sute. But the 
distinction] though not strictly just, may be 
proper in a looser sense; for there is agreat dif- 
ference of solubility between earths and salts, 
far a few graips^f earth are sufficietvl to saturate 
^ lai^e quantity of water, and even these dis* 
solve less perfectly than salts. There are two 
qtbw circumstances, not included in the defini- 
tion, that make part of the idea of an earthy 
■ubstance. 1. A great degree of fixedness.' 
9. A disposition to assume the form of a glassy 
owicretion when melled. By the &tsi of these> 
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Ibey are distinguished from all the other objects 
of chemistry, Sot we caanot in general concert 
a pure earth into vapour. The second charac- 
teristic is indispensable to an earthy Hubstance, 
and in a great measure peculiar to this class. 
The bodies which come under the class of earths 
aie nine in number, via. 

I. Lime. 6. Strontian. 

Sv AlwMtM foTcUy). 7. Yitri«. 

e. £»iica> or Flut. 6. Gtucina. 

4. Magnena. 6. Zirconia. 

*. Barytes, / 

Gome of Ibese earths ore much more plcntifd 
tinn ottKrif and the great mass of this globe 
■lay be said to be cooijKised of limef flint, and 
«l«y, rMtously atixed and di^nsed in the dif- 
fcpent species of stony bodies. 

1^ surface of the flarth evidently consists of 
a Confused mixttare of decayed animal and vc* 
gMable EubstaticeS} and eanhs rudely united tO" 
C«lher} bnt when «'« have got below the sur* 
^oe, we fiiid the materials of th« globe arranged 
Jn a regular manner. Sometimes, indeed, we 
find beiips of stone, whiob do not consist of 
layers, but arc confused masses of unequal thick- 
nesa ; these art called rocks. The strata ai« 
ia geserai extended through a whole countiy* 
and perhaps tlwough the globe itself. Thusy ia 
<^iggitg ibr coal, the workmen first come 40 a 
bed of clay, next to a bed of suid, for the thick- 
MU of which there is uo paruaidar rale; then 
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perl}^ (oabedoffrecstiHie; and, laatljr, to t)w< 

ooal. AfbKT they hare wriii^ht the coai, they 
are.obliged toflic^ anothsr pttj afwl in this ihejr 
Sod the same itrata of the same thickness as 
ibove. Theae exteosive bodtea nn Souad most 
r^iilar when the country a flat, beifig ge- 
neraHy patallel to the hMifon, though frequent- 
Ij^dij^itig dowowaids in a cmain angle. In 
many placet the beds have a wave> as where the 
QDuntry coDsists of genUy rising hilk and v^a : 
here too they generally dip. Ib ridini^ a niil«« 
we pcihi^ pasH through ground compoaeii 
moatly of sand, in another mile, peihaps of 
slay ; aod this is occasioned by the edgea of tho 
AHcrcDt stiala lying with an obliquity to tha 
horizon. The projection of the edgea of ethei 
strata is' caJled hy the miners cropping, aad 
wboc the edge shows itself, the cro^. By:dit 
tame kind of projection^ mountains, or ridgts vS 
mouBtaiiM, are produced, aad the form of tbetd 
regulated. Mountains, are said to have a back 
and a &ce; the l^ler smoother, and the formet 
■Ktre ru^cd. We' generally find too on od« 
side of the mountain a more gradual ascent than 
en the other, which is occasioned 1^ the erdfi- 
ping of the strata. The back of the mountain 
shows the obliquity wiU) which the strata sink 
into the ground ; the abrupt edge of the strata^ 
howefer, becomes more sloping as time^ pro* 
ductng a decays draws rubbish from abovei 
Where the &ce of Uie coimby is irregular, this 
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appearance depends od the different hardness ot 
softaesB of the strata. The abrupt rocks which 
we see in many parts seeoi to have been com- 
posed of an adventitious mixture of different 
strata, which have resisted the injurie& of time 
with unequal force. 

This is a getteral view of the materials*«f 
which this globe is oompoeed. A variety of 
hypotheses have been adopted to account for lU 
In general, it has been supposed that the strata 
oHginally lay horizoqtaUy, and were formed by 
a -deposition from water. The arguments for 
ms-ojaqion are forcible. Tite relics of a variety 
of substances, which we now lind only possess- 
ing the watery parts of the globe, are found in 
rocks and mountains at a very great distance 
from the sea. In strata of limestone,' often 
rery distant from the sea, we find the remains 
vi shells, &c. the production of the ocean. 
Other circumstances prove that the sea haa co' 
Voed parts of the e»tb, which are now "at a 
^reat distance from it, and that the various di^ 
rections which the strata now have wn% ot/t 
their direction at their fiist formadoa. 
- &}nie have atlhbuted this irregularity to fre- 
(|uent earthquakes; others have imagined that 
the globe before the deluge contained an im- 
isente body of water, covered over with a cresl 
of earth, which at the deluge was broken in 
pieces and smik in the waters ; others, in a more 
extraordinary manner, have thought that the 
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earth in its revolutions bfts some time or otfier 
received a stroke &om acomet, which hai thrown 
»i\ into confueion. Bufibn supposes thit the sel> 
is continually chaeging its bed, and is conataat- 
ly washing away the ground from one place to 
another. 

. Not to enter further into the«c hypotheses, I 
shall only observe, that these strata are often 
broken in' different directions, in general per- 
pend iculsirly, so that the parts of the difiFerent 
itrata, are separated from each other. The wide- 
ness of these rents is different, soni,etitnes a few 
inches, sMnetimes many yards. They are vely 
commonly 61Ied up with substances different 
frora the composition of the strata. You may 
have observed in mountains the appearance of a 
white stone, which passes through it like d veini 
This has been a rent filled up with a particuiat' 
kind of stone. TTitse are also very common in tH« 
strata of coal^ When met with in the strati 
they are called veins. They are generally of 4 
considerable hardness; and in these the metallic - 
substances are generally found. Where any of 
them are not filled Up with extraneous matter, 
the internal surface is set with very beautifiji 
and regular crystals, called spar, projecting int» 
4he cavity. 

1. The forma under which ^«, or calcareoul 
earth, appears, are various, but all agree in mild- 
ness and insipidity, and hardly show any degree 
of sqlubilJty in water ; they all effervesce with 
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acids, aad sbow t^ SRiae kiofi ef Miction' u»- 
acids that B]k»tie» do: tbty hftFo tbc taoe at- 
tiaetioa for tbc acidly «aid tfie same sffimttcB. 

'nte eoaapouiul oi lime, and aa vid after aa- 
turalion, hu bd tctimony or tixoA tsatftt it pro- 
duces no eflect on vegetable tnfuEiuns. lion itt 
fi>iind purest hi lioicatone-, laart))*, and «bdk, 
vbicb only didTer in (heir degreo of punty> or ub 
ihie maitaer of their aggrcgstifm sflmitting meaa 
or lets poliah. Tb« coaj>ser limeitonH contain 
olber tubetaiHHf besides tbe- ci^canflua e«rtb, 
Tbe di&rcnt coUtgred vcjne in marUe itrc {Hto- 
4uMd by the admixture of otihsr substuievs, 
vnvf^fitly distributed through tbe mass. 

FrcMtene mAy-ba nentiened as anotba kind 
•f mattap, whi«b contaiKB » Gtmsiderable qiianU" 
tjiofUuBC. Tbe priitcipal lugmlientB ctf firee- 
iMnw «re swiA or gritty pnrticlct GSRwiled by 
•Mns otfier tubttanw, which is moat ireqacotly 
bflMj ibese am ofwa fouqd in cuensive itntt 
JD Ae bowelfl of tbe «ar|h. 

fi, X^fiM is ofteo found in the -neins of rooks 
isdesewcw of mouoUint, cotnbifwdwithfloori* 
icid, md lathis state it is oaljcd spar, or, mot* 
pToparly, ealdAreoui spar, to diitinguiah it from 
stbcM. Tb« Gagliitb. lejid-Diincs ve fidl .of 
spars ; their shape is generally a linn coluran, 
Ii»mifiat«]- at siu^ snd'by a p^rtmid. 

3. It appeals in the forsi of vegetable and 
awiQ^ Bubsunces petrt&«d into stoue, by being 
flxfiostd W ];)etri%in§ waters. These &\k \»ft the 



3. :sJL, Google 



Barihs. Idg 

pores of the sobstancea with Vitv, commonl)' ia 
a 3tat( of combination, as carbonat of liuie, a»d 
incrust them. Hence we may conclude that ibis 
earth is soluble in water, aiid deposited in the 
bodies of other subst^ces. The quantity of 
earthj however, contained in tbe water is very 
■mall, and for that reason the petrifactions an 
fonn^ very slowly. 

. 4. The shells of all cmstaceous animals, frfim, 
the coarsest to the pearl which lines thi: shell ef 
an oyster, are al! composed of carbonat or phosphat 
Qf lime, and perhaps a small quantity of gelatine, 
or animal glue, a viscid fluid, which at first. is-. 
sues from the body of the animal, and at last 
acquires great hardness. I^g-shelU are of th& 
same nature, and those marine budieH whichj. 
' from their hardness and vegetable appearance,, 
are called stony plantgj such are all the specjes 
of coral, which are the work of stuall anipiais of 
the polypua kind. 

5. Marls, which are generally divided into^ 
three kinds: — 1, The shell marlj 2. (^lay piarl; 
3. Stone marl. The first is found .in beds of 
considerable extent, and consists of th« remaifis 

' of sea and land shells : that which consists of s_ea, 
shells is generally found in the greatest quaiitity. 
Of this kind is that of Paris, mentioned by M. ~ 
Reaumur, which is about ten feet deep, aild of 

■ great extent, consisting of oyster and other se^ 
shells. The relics of land shelU are tbosft of 
snails: they have probably been earried-iQffby' 
the current ufGome water, which being ^E&intd 
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off, the shells nmatp behind. Beds of fresh 
water shells are also found. Clay marl is a cal- 
careous matter, which, on being exposed to the 
air, crumbles into dust. It is to be distinguished 
from connnon clay by efieivescing with, acids. 
Stone marl differs from clay- marl only in being 
much harder; bnt it differs from stone in break- 
ing to pieces when exposed to the air. Most of 
these species of calcareous earth derive their 
origin from shells. Marbles are frequent- 
ly formed of shells, and those of Derbyshire 
exhibit this appearance in a remarkable man- 
ner. 

Lime, under most forms, may be known by 
effervescing with acida^ and being entirely solu- 
ble in some of them ; as the nitric and muriatic 
for instance. It is proper to remark, however, 
that farmers and other unskilful persons have 
sometimes supposed certain earths to effervesce 
Tvithanacid; when what they mistook for effer-- 
vescence was the rising of the common air that 
was separated from the mixture, which woolfl 
have been the case if the earth had been thrown 
into water. We must, therefore, when we try 
the experiment, always pour a little water on the 
earth, which being imbibed Inlo the pores, ex- 
pels the air, and makes a kind of effervescence. 
If, after this camion, on the addition of an acid, 
«Aer9e&cence takes place, ne may be sure it de- 
pends on the presence of lime. We may know 
^hetberlimestoneor marl isgood, by observing 
whether one-half or Uiree-fourthsdissolves in the 
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acid, as they dissolve 'm pruportioa to the lime 
they contain. 

The sulphuric acid attractn calcareous earths 
with great impetuosity. When it is added to 
chalk, we shall God the earth not dissolved, but 
settling by degrfts into a sediment more bulkf 
than the chalk itself. The reason of this ap> 
pearance is, that the chalk, thongh united with 
the acid, has very little solubiTity in water, one 
pound weight of water being necessary to dis- 
solve a few grains. When the chalk settles to 
the bottom, the buU^ is increased by the addition 
of the sulphuric acid. The compound thus 
formed is sulpliat of lime j formerly, and even 
now, vulgarly known by the names of gypsum^ 
selenite, or plaster of Paris, 

The. other mineral acids unite with this earth 
with effervescence, and dissolve it into a trans* 
parent fluid, and the compounds are easily solu- 
ble in water. 

Acetous acid forms with lime in exceedingly 
•oluble salt. Many of the other vegetable acids 
readily unite with it, some of the resulting salts 
being soluble, others not. The oxalic acid has 
a peculiarly strong attraction for this earth, 
seizes it even from the mineral a-^ids, and pre- 
cipitates with it in an earthy form. Hence thiW 
acid iH the best test for the presence of lime tn 
-fidtutions, as it will detect the smallest portion. 

We do not find that lime melts in fire, but Jl 

i» much changed by it ; it becomes more iiiable 

I > 
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and light, sometimes losing one-ttjirdi some- 
times one-half of its weight, and. from a mild 
substance becomes active and acrid ; it is tbea 
called quicklime; and if left upon a moist anir 
uial or vegetable substance, it corrodes and in 
some degree dissolves it. If the lime is ne>w 
burnt, however, and the animal and vegetable 
substances are covered with it, they will be 
parched up into a hard or horny mass : this is 
occasioned by the strong attraction which quick- 
lime has for moisturej in consequence of which 
it extracts the water they contain, as is evident, 
for if moisture is added again to these sub- 
stances, they become soh and pulpy as before. 
This attraction for water is one of the mqst re- 
inarkable qualities the fire gives it ; for if water 
ia poured upon burnt lime, it crumbles by de- 
grees into a fine powder, a great heat is pro- 
duced, so considerable as to set on fire a stick if 
put into it. It is therefore very dangerous for 
ships to take in a carg() of quick-lime. 

.ThesefactsareiiotdifficuItofexplanaUOn. Lime 
is seldom fouud in a pure state, bat almost -con- 
stantly combined wilh carbonic acid in the form 
of chalk, limestone, marble, shells, &c.,. which 
are all carlonals of lime. By heat the cartiohic 
, acid is driven off in the form of gas, and the 
iime loses proportionably of its weight. It has 
(hen a strong attraction for water,, which, when 
poured upon it, forms a real cdmbination yi a 
solid form. The condensation of the water sets 
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free a quantity of caloric, and heat is produced. 
Since heat or fire then diminishea the weight of 
lime, i kndwkdge of this fact must be of great 
iise io farmers, far by burning the limestone on 
the spot whbre ifis found, they liave much less 
expense of carting. A red heat is necessary to 
Burn lime, WKcn the mass of lime is saturated 
with water, every particle of the calx is united 
to a proper quantity of the fluid ; and it is now 
cnWed calx exlincta, or slacked lime, which has 
not the same attraction for water as qgick-lime, 
but agrfees with it in every other quality. Slacked 
lime, though it appears dry, Contains a great 
ileal of water. The water adheres closely to il ; 
but by a red heat it' may again be separated^ anj 
the lime becomes again quick. 

The attraciion which lime has for water is the 
principal reason of its use in boilding ; for while 
in a soft state- it adheres to the stones or bricks 
as a ccnrent, and speedily becomes solid. The 
solidity is hicre^ed by attracting carbonic acid 
from the atmosphere, so that if moriar is well made, 
tlie oidi!r it is the stronger cement it becomes. 

It is' not orily in the state of a carbonat that 
lime is found in nature, , It is often united with 
sulphuric acid ; ?n this state it is/as beforCrn- 
timated, scientifically called sulphat of Ihne, and 
vulgarly gypsum. 

■ : .Gypsum^ are found in stbny masses, very soft, 
and easily scraped with a knife. I'hcy are di- 
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BUnguitbcd fTDm chalks and limestones by not 
rfl«rvescing^ with acids, and from other earthy 
boiUes by being by burning changed into white 
powder, which, when mixed with a large pro* 
portion of water, suddenly concretes into a stony 
mass called pWter of l?aris. They are moat 
commonly found in the strata of clay, some- 
times in those of sand, of a whitish milky-co- 
iourt'd mats; but the small pieces arc trans* 
parent, and sometimes have a red tinge. They 
are often composed of small shining particles, 
like the grains of sugar, and when under this £41- 
pcaranoe they are particularly called gypsum. 
When hard, so as to be cut into toys and figures, 
they are then called al^baitcr. 

The second form uuder which they are fouod 
is that of a fibrous structure of oblique crjstal- 
kzBtions, which are parallel to themselves, but 
which cross the mass from ilie upper to the un- 
der surface. In thiu state they are called fihrariv. 
These difl'ermuch in size and regularity of son- 
cretion. 

The third species is composed of clear trans- 
parent plates, like glass, in close contact 
with each other, but which may be separated. 
They split with a knife into very tjne plates, very 
^exible, though they caiuiot be bent without 
producing flaws. They arc called glacies mannOf 
and sometimes Muscovy glass, but improperlyi 
.as th^t is a diS'erent substance. 
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The fourth species ii in the form of Mparat* 
oblong crystals, atid is died seleniie. Some an 
Jong and regular, like ci7Stala of salt. 

Hie fifth species, or gypseous spar, is of e 
platey texture, and distinguished tirom all othfr 
bodies by its weight. TUe ores of metalt ar* 
often found in this spar. 

Sixthly, It is often met in waters of springs in a 
disEolvEd. slate. When the water is evaporated, 
it is deposed in crystals very saiall, and which 
appear like a white powder; but by the micro- 
scope aie found to be oblong regular coock- 
tions. 

If. Alumina means theearth of alum; but 
though the salt which bears that name was welt 
known to the anlients, they were entirely igno- 
rant of its component parts. The akbemisis 
discovered that it was composed of aulphui^c 
acid and an earth; and it was afterwards found 
that this earth is clai/ in its purest fonn. Alum 
then is a compound of sulphur, oxygen, and 
clay. 

Alumina may be obtained pure by dissolving 
alum iu water, and pounng in ammonia or 
potass, as long as any precipitate is formed. The 
nature of the process must be obvious. The al- 
kali seizes on the sulphuric acid which the alum 
contains, and the alumina is thrown to the bot- 
tom. This, when rendered sti!! purer by a 
fiirthcr process unnecessary to detail, is the real 
base or constituent of all clays, formerly called 
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trgifliceous earth; for all the 'clays which are 
found native are more or less coraSined with 
othLT extraneous matters. 

Clays are among those earths which most 
ihfnmdin nature. There are immense strata of 
Them, and they make a part of every rich soil. 
The idea which nalurallsis and others have of ■ 
them is that of nalnral suhsiances, the purest of 
which are firm, and have a sort of unctuosity, 
and which, by rubbing with the finger, rectipc a 
^wlish. They iinbibe nioislure, so that when 
applied to the- tongue it "adheres to them. From 
their attraction for water, they are always 
found moist in their natural state ; if more water 
is added, they form a suft and dnctile paste^ 
which, when ihoronghly burnt and dried, becomes 
liard, stony, and impenetrable to water. 

As clay, when wrought together, becomes 
impenetrable to water, it is made use of to retain 
water in ponds, &c. This is the reason that 
when cat ite are allowed to tread. a clayey soil \u 
wet weather, the plants die that grow there; for 
the clay being mixed with the water by their feel, 
the ground will be loo tough for the plants to 
spring up in, especially when the clay, thus tro'd 
together, is afterwards dried by the heat of the 
Bun, for then it will prevent the rain froiji pene- 
trating to the roots of the plants. 

Clays differ much in consistency: some melt 
in the moolh, others are gritty, and get between 
the teeth; they are white, yellow, blue, grey. 
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•r h\»ck.. Some are' irst liiod A&n others; 
Some toist a vferyTioIenthea*, without under- 
going any cbsnge; but most of them, in very 
intense heat, melt into a vitrified maw. Some 
of them effervesce with acids, others not. All 
these varieties, as I intimated before, have hat 
oneapeciefrof earHi for thmbsMB, and are nn- 
thing more than a mixtnrc of pure alumina wiih 
hetnogeneous subalances. 

The variety of colour usually depends on ^n 
admixture of iron. We can actually extract 
iron from most of these clays, especially those 
that bun^to-a red co)our> which colour i* 
always assumed by the calces or rust of iron; 
'«4kd fhey efTevvesce, which is from a niixtura 
of lime, they class with mads. 
' As alumina is obtained from alum, so, on tho 
othv hand, 'by mixing cUy while it is healed 
in a crucible almost to redness with strong sol- 
pfaurio acid, gradually affined, a very perfect 
eon^inalion mtly be effected,, and plenty of 
altiin f>rocored by lixiviatioQ witb an addition of . 
potass. • 

The quantities of alum employed in the arts 
are not, however, pTcpared in this way. Alum 
is sometimes met with -in small quantities in 
mineral springs, but is mostly prepared from 
oertain fossils, ororei (^alum, as they are called. 
T^ese ores are generally found in strata, M-bLch 
' appear like indurated clays, ' of a dark black co- 
l«w. t^y haye a sulphureous imell :. wbni 
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nipcAed to. (be.wr for soma time tiuff grow hot, 
fwdl> and Crumble ilown il^oa.. ppjvder, emit 
fiimes like brimstone, and s<Hnetime9 take fire. 
Some donot undetgo this change merely from 
«X()oiuce to the air, but muu be firu burnt or 
KMMted, and thCa espoied to the air a good 
while before any eliim can be obtained. After 
jSiey have been crumbled. down in this maaDcr, 
they are iteeped in water, an alkati is then added, 
and the alum cryBtft)tiEe§ and subBides. The 
fixed and volatile alkalicu are both employed; 
bat the volatile alkali or fetid urine ii moat used, 
which attracts the superfluous acid. 

At Hurlef, near Glasgow, there is a lematk- 
iMe bed of alum ore, wjiich, having been an- 
tiently laid open by a coalmiine carried through^ 
is now, by long contact with the.air, prepared 
for yielding alum^ md is wrought for that pur- 
pose. 

' These ores, therefore, are natural mixttvos of 
clay and sulpinir,' and when exposed to the air, 
the ojtygen in the atmosphere, is attracted, audi 
converts the sulphur into sulphuric acid. . After 
aproper quantity of alkali has been added to the 
solution, it is cTystatlized in the common man- 
ner. The cryslals are at first tolerably dietinct, 
but of ijo considerable sine. A jjery strong .so- 
lution being prepared from them a secontl timcy 
it is put, after clarification, into large tubs, 
where the salt fortns a foot thick on the aides, 
top, and bottom. Tbe tub being imbo«ped,,ui(l 
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the staves removed, a hole is made in the lower 
part of this crust,and the mother liquor (as it ii 
talied) flows out into a proper receptacle, leaving 
thiE artiSeia] grotto lined and lulled with large 
crystals of the utmost beauty, which, however, 
is forthwith demohshed, and the fragments acnt 
off to the purchaser. 

AKim is of great nse m the art», partieularljr 
in dyeing, where it acts as a vehicle for tlie , 
colour, or mordont, as the arlitits call it. It . 
SL-rves as a ground to fix the colours in the iub- 
stance of the cloth, and is therefore used pre- 
paratory to the stuff being put into the bath, or 
vessel which contaios the dye. It is geoen^ 
agreed that it n the earthy part of the alara 
which has this effecl, entirely iiMlependent of 
the acid, 

Boles> red -chalk, &c., are all mixtures of alu- 
mina and other matters. Red chatk has its co> 
lour from a rast quantity of iron which it con- 
tains. 

in. The character by which SILICA orn-iBTT 
earths and stones are distinguished is extreme 
hardness, betng impenetrable to the harden 
steel; they make an impression on it, and strike 
€re; they also m^e an impression on glass. 
They are called crystalline, because found in 
more regular crystals than other earths; vitreous 
or vttrescent, because used in making glasso 
-They are thought purest when they are trans- 
'})areDt and colouckssi but we find flinty mattu 
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▼my pure vhen tinged of a dark colour, provided 
it .bums white in a violent beat. This, added 
to its bardnetts, are sufficieut characterisHcs : 
but it it much ofteo^r met with impure, and 
hence its varieties. 

It is found in strata of difTerent kinds. Those 
which contain it purest are freestone, grave), 
«id ■ sand j the whitest sorts are the purest. 
Black sand is not uncommon in America, and is 
generally supposed to contain gold } but the se- 
paration is too diflicuU to answer the expense. 

Gravel consists principRlly of the same kind 
of matter, but in larger and more irregular 
niassea, and, on .the whole, is seldom so pute as 
. the flinty matter in sand. 

The atones admired under the name of peb- 
bles are of this nature, and owe their beauty to 
the other materials they coritain. Their extemai 
citrface is rough, but their internal structure 
^eaubful when polished. In all the white milky 
pebbles there ia an alternate whiteness or mit^- 
oess, 49 in the lai^e ones caHed agaies. In niost 
pebbles the layers are of different colours. FroiB 
tlm structure it is plain they have been formed 
^y successive incrustations of flinty matter, which 
Jiu bten mere or legg coloured. Some have the 
same appearance e^iternally, atid are called p^- 
ble crystals; they are either colourless, or are 
.«)[ over ol' the same colour, and from thi? have 
derived their names, as carneliun, which i»of» 
\ £cEb colour.^ Id others, the colouring matter is 
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disposed in a fantatdca) or insular manner, as 
ia the mocao stone. Some have transverse 
plates, as the onyx. 

Another kind of strata, which is chiefly com- 
posed of flinty matter, ia that of porphyry, in 
which the flinty matter has such an admixture 
as to be quite opaque; but in general the princi- 
pal parts are variegated in diflerent colours. 

TTiere are several other kinds of rocky strata, 
which, though not entirely composed of flint; 
bave yet a considerable quantity of tt ; as the 
granite and common whin, which only diRerA 
from the former in Containing a quantity of 
iron : it is sometimes called touchstone, or tapis 
medius. 

The granite is composed of quartz and sand, 
differing considerably in colour according to the 
admixture, but iii always composed of hard 
flinty grtuns oobering together. This was for- 
merly .famous in Egypt ; some of 'thfe mDnu- 
ments, which were afterwards transported to 
Rome, were made of it. These are all varieties 
of the same stone, which is become the oHject 
of more general attention since its us* In the 
manufacture of porcelain. 

The common whin is well knnwn ; but a par- 
ticular kind, basaltes, is remarkable "for being 
crystallized in large columns, such as the Gian'i's 
Causeway, where the pillsrs are nearly of a rt". 
gular figure, plainly resembling eteh ofbtr iit 
bize, and in the number of theii stdes^ oaost of 
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them hexagonal, and in close contact with each 
other. This particular arrangement seems to 
depend on the slow concretion of this sort of 
matter, which has been softer, and, in conse- 
quence of its moisture being evaporated, has 
hardened and split, as we see clay or dry sand 
after wet weather. What first led to this opi-. 
tiion was an observation made upon the form 
into which other bodies ^plit in the same vit^ 
cumstances; as ftiarch, for instance, 

Pudding-Glone and some kinds of free-stone 
may be referred to this class. 

Pudding-stone consists of gravel, sand, and 
stones cemented together, and has its name from 
its appearance. . 

Upon the whole, we find this slony matter in 
a great variety of strata ; it is also found in the 
v^ins of rocks in the form of quartz. This is a 
flinty matter, which, when pure, is almost trans* 
parent, strikes fire with steel, but is more brittle 
and shivery than any of the other suhalances of 
Ihiq kind. When it is very white, or has a 
milky opacity, it stillsinkes fire with steel, but 
is not so hani as common flint. This whiteness 
and softness seem to depend on the admixture of 
agypseous spar ; it is therefore called the sparry 
quartz. The ilack or gun flint is accidentally 
found in the strata <^ other matter, always in 
those of chalk or limestone : it is found in irre- 
gular figures mostly lying in horizontal beds, at 
no great distaace from each ottter. 
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Jasper is another appeannce of this earth,~ in 
the form of separate concretions. ~ Chemists, dt- 
sfiaguish it by^ its colour. Tlie best la of a 
bcautifiil deep green, and, when viewed through 
the light, is Variegated with reddish or purpliirfi 
spots. 

• To- this head may be. referred that beautiful 
blue stone lapis lazuli, which owen itn colour to 
iron, as Margraff demonstrated. 

Crystals are always found in the cavities of 
veins, and m the strala of flinty matter, when 
thffse are not. filled up with quartz. Some ar« 
(]uite transpareul, others wbile^ others of a dark 
ur-smoaky colour, which they lose in the fire; 
but tliej' are very liable to he cracked during the 
c^ratien. Some of these crystals are nioi^ re- 
gularly formed than salts, and are hexagonal. 
Some are small and opaque, and have a pyramid 
^t both extremes. They are called rock crystal^ 
irora the eituatioii in which they an: oilen found. 

Gems are found in the state of crystals, or of 
p^blcB } .the last are most valued, and are found 
in the strau of gravel, from which they are di- 
atUiguished by their lustre. 

l^e geiae, ate distinguished by a greater lustre^ 
and retnstauce to fire, and hardness ; but most of 
them seem to have, the same earth for their basis 
as tbe rest, viz. silica. . The diamond consists, 
' however, of pure carbon j ^nd tbe sapphire, is 
chiefly aJumiDa, 
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I^aatly, wtfiad the flinty matter iii petrifac- 

tions> as of wood, teeth, and calcareou* earth. 

The fint efTect oF heat on flinty snbstances is 
taking away their tratiEpareocy, and rendering 
them hriltJe. Some are liable to be iatersected- 
with innumerable flaws. The hardest kinds re- 
list the fire the most. The alkalies act very 
fbrcil^ upon ailica, and the best known and the 
most useful property of this earth is, that of 
melting with a moderate quantity nf fixed alkali 
into a glass. Flints and alkaline salts ate the 
most indispensable ingredients in glass; but 
•ometimes other substances are employed to im- 
pfove the colour. 

- Silica will not combine with any of the acfd«^ 
except the fluoric, the phosphoric, and the bo- 
riKiic, but the action of the first of thesft upon 
flints is alone worth remarking. In this acid 
silica dissulves withthe ^eatest facility; atid 
what is most extraordinary, it is retained by the 
kcid even in the form of gas, «o that the silica 
t-tees with it even into the atmosphere. If tb« 
gas is, however, brought into contact with ws' 
ter, the silica is immediately precipitated in tht 
form of a white crust. It is evidently by itsat- 
traetion for silica that the fluoric acid distolns 
glasd, as descried in a former lecture, for com- 
IBoh s\sei is- formed of ulica and carnal' of 
potass. 

IV. Magnesia has not been long known to 
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chemists. About the beginning oF the last cen- 
tury a Roman canon exposed to s&lt a whitfe 
powder, as a cure for all diseases, which he called 
magnesia aiba. It was at first suspected to be a 
composition of lime, but v/aa afterwards disco'- 
vered to be apeculiarkind of earth. 

ME^esia has never yet been found native. 
It may be procured from sulphat of magnesia, a 
salt which exists copiously in sea water, and in 
some springs in the neighbourhood of Epsonrf, 
whence it formerly obtained the name of ICpsom 
salt. The sulphat of magnesia used in medicine 
is chiefly obtained from the mother ley of com- 
mon salt, that is, the liquorwhich remains aftelf 
the muriat of soda has been crystallized and ex- 
tracted. To oblain the earth in question, the 
sulphat of magnesia is dissolved in water, and 
half its weight of potass added. The potass 
having therefore a stronger affinity for the sul- 
phuric acid, the magnesia is precipitated, and is 
afterwards washed in a quantity of water to ex- 
tract whatever salt may remain, and dried- 
Magnesia is, I believe, oiily used in medicine 
to remove acidities from the stomach ani 
bowels. In Ibis case the carbonat of miagncsia 
is preferable to the pure, for all absorbent earths 
are rendered somewhat caustic by being deprived 
of the carbonic acid. 

It combines artificially with few substances, 
"hut is found in nature united witli silica 'sn^. 
alumina in a class of stony bodies, which Mr. 
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Kirwan has classed togedic^ ; these are talce^ as- 
bestos, &c, 

Tau:8 luaybedefiaed earthy or stony bodie», 
so suA as to be cut with a knife, which do not 
eScrvesce with acids, and sufTer little or no 
change in the fire. They arc digtinguished from 
fliais ty their softness ; from lime, by not effer- 
vescing ; from g)-psums, by not calcining into 
plaster ; and from clays, by not havmg the same 
qualities with respect to. water. The appearance 
of talc is that of a foliated stone, slippery and 
unctuous to the touch. It splits easily into 
plates, which differ from the gypseous in being 
.flexible and elastic. These plates, when of the 
puresl kind, are transparent like glass, butmany 
are tinged with a variety of colours, and are more 
or less opaque. Sometimes they have a lustre 
resemhliDg that of metallic substances. Sec. 
Sometimes talcs are in the form of shining pow- 
der, like that which is used in bronzing figures. 
The appt;arance has often imposed upon miners, 
who have thought they met with gold and silver, 
whereas there is never any metal in these sul>< 
stances but iron. 

They are found also with other stones, as the 
granite, which frequently contains a great quan- . 
tity of talc. Frce-stonc also contains more or 
less. ftM horizontal layers have between them a 
thin stratum of talc, which makes the stone more 
easily separable. Talc isalso found insomekindsof 
^ate, wbich^wben long exposed to the air, moulder 
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iato (alcky powt.er. The commQn ulc is used 
in making lanteraa used in the powcler-rooins of 
ships, as they do not take tire or crack with 
heat. 

The asbestos, or amianthus, is a fossil agree- 
ing with taic, in havings regulur structure, m 
being flexible^ but differing in being composed 
of fibres instead of plates. When long exposed 
<o sir, it dissolves into a sort of stony mat- 
ter^ which has some degree of toughness, but the 
fibres of which cannot be unravelled. Cloth 
and paper have been made of thu substance, . 
which rcBLSt the fire. 

Steatites, a kind of magnesiaii earth, is ao in* 
gredient in porcelain, the art of making whicb 
was long confined to China; but of late ail ihe 
necessary discoveries bave been made in Europe. 
A Jesuit missionary first sent an account of tb« ' 
.man u fact ure to France, and specimens of th^ 
two ingredients, viz. kanlia (a white clayey 
earth), and a stone called ^eiux^xe. Reaumur 
czaaiined and gives the following account :—0n« 
of Uie substances is not fusible, (he other is by 
a strong beat. He supposed that by uaion they 
underwent an approach towards fusion ( this 
sives tb,e semi-transparency to china. Meeting 
.vyith no siihstanccs of equal puiily wilh tbese^ 
Ji^ ina4e cx^M^fini^iUs on common glass and talc^ 
by which be produced a substance white like 
porcelain, and which resisted heat and cold. 
' The qualities by which the best chUia is d^ 
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•tinguishcd from- the worst »n, that it has A 
bcamiful semi-tratispitreiicy, and ii]>on 'bre^ng 
shows a sort of Titrification, yet withstands vio- 
lent heat, &c,; whereas the false china melts in 
a heat very intcDse into an imperfect kind of 
^ass, and isveryapl to break on pouring hot 
water into it, especially if it- stands upoA a cold 
substance. 1'his has for its basis the clayev 
«arth mi][«d with a proportion of glass. The 
Saxon manufacture has tubsiBted longest in Hu- 
npe, and is mtiat famous, its productions 
equalling the best foreign china. 

In England many persons used the soap rock 
{whose principal ingredient is magnesia) ; but 
Mr- Cookwortby, of Plymouth, found out that 
the true materials of china are in great abun- 
dance in Cornwall. The kaolin being a clay 
of uncomtnon whiteness and lustre, contains 
a very great quantity of a very fine talc. Tlie 
pctuntze is a stone of the granite kind*, which 
contains a great quantity of the fusible stone; 
this must be potvdered for use. The kaolin, 
when melted, alone produces the stone chinft, 
or Japan porcelain, which is less transparent, 
and harder than the ordinary kind. 

V. Barvtes is the heaviest of all the earths, 
yttria, and perhaps zirconia, except^. It is 
<^tained from a mineral not uncommon in 
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England, t:alled ponderous sper^ which i* a. suU. 
phat of barytes. By reducing the mineral to 
powder, and keeping it for some hours red-bnt 
ID a crucible, with an eighth part of its weight 
of Charcot in powder, it is converted into a sul> 
phuret of t^rytes. The nature of this process 
you will easily comprehend. The oxygen of the 
sulphuric acid combines with the charcoal, and 
goes off in carbonic acid gaa, leaving the sul- 
phur behind with the barytes. The compound is 
dissolved in water, and nitric acid being pour^ 
upon it the sulphur is precipitated. The nitria 
acid is afterwards driven off by beat, and pure 
barytes remains. 

, Barj'ies does not combine with oxj'gen, azote, 
llie alkalies, or metals; but it unites and forms 
compounds with sulphur, phosphorus, and the 
mineral acids. It is used, though sparingly, in 
medicine, and some of its compounds as tests in 
chemistry. 

VI. Strontian is an earth lately discovered, 
and takes its name from the strontian lead-mine 
in Argyleshire, where it was first found. It i» 
always found combined with the carbonic or sul- 
phuric acid. It is of a greyish-white colour; its 
Jaste acrid and alkaline; it converts vegetable , 
blues to green, and has the singular. property of 
tingeing flame of a beautiful red, or rather purple 
colour. It has not as yet been applied to any use 
in the arts. 
VII. Yttria is also an earth lately dtflcover- 
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ed m Sweden. It is only found combined with 
the blick oxide of iron. It has, when extracted 
from the mineral in which it is found, the ap- 
pearance of a fine white powder destitute of taste 
and smell. It is much heavier than any of the 
«arth8, its specific gravity being 4" 842. 

VIII. Glocina was discovered in 179B, as a 
constituent of those beautiful gems the beryl 
and the emerald, from which it is obtained by 
fusing them with potass, dissolving the mixture 
in muriatic acid, and' separating the ingredients. 
No remarkable properties have hitherto beea 
discovered in this earth. 

IX. ZiBCONiA has been lately found as coo* 
etituting a part of a precious stone found in 
the island of Ceylon, called jargon, or xircon^ 
and also in the hyacinth, another gem from the 
same "island. It is heavy, and tuses into a very 
bard grey mass^ resembling porcelain. 
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COHBDSTIBLB SUBSTANCES. 

OoMBUSTiBLEs are substances capable of com- 
bustion, wbich process has been explained in *. 
preceditig lectare. Yet it may not be quite use- 
less to repeat, thai the cause of combustion is, 
ID truth, a chemical attraction^ and combuaii- 
b)c8 are those sobstanccB which have a strong 
attraction for oxygen. You will remember^ 
tbETefore> that about one-third of the air of our 
atmosphere is oxygen gas, or air, which contiuns 
an immense quantity orcaloric, eLemenlary fire, 
or heat in a latent state, to keep it in the aerial 
form. This part of the air is always destroyed 
by the process of combustion, as is proved by 
ktting.a candle burn under a receiver till it goes 
ont. The true explanation of the phienomeaoo 
is, then, that the combustible body, being in part 
decomposed by the action of heat, unites with 
the oxygen of the air, and together they form a 
third substance, (as hydrogen or inflammable 
gas and oxygen form water*,) and by this con- 

* U*. receiTer, properly cooM, ii placed over one of At* 
tand't lampa, a Urge quaucity of -water will be (ound iB it. 
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densation of the oxygen, a Urge quantity oF ca- 
loric escapes, and becomes sensible^ so as to 
produce heat, and frequently fiame. 

As the contact &jiA succession of fresh air is 
necessary to ihe combustion of bodies, we find 
that it takes place always on the surface. Thus 
a piece of charcoal is only consumed on the sur- 
face; for if we break it, we find it still the same 
in the middle. Thus, spirit of wine bums at its 
external surface, for a cotton wick, remains witft- 
out change. 

' Of combuslibles, some bum without, and 
some with flame. 

The first are, charcoal of various kinds, me- 
tallic bodies, if they may be classed as such, &c. 
The second are very numerous, as sulphur, oils, 
apirit of wine, See. The proper distinction be- 
tween these classes Is, that the one is fixed, and 
the other volatile. In the fixed body, the con- 
sumption can only happen on the surface, while 
those that are volatile are converted into vapour 
in a beat below that necessary for their inflam- 
mation ; and consequently the vapour only can 
be heated to a proper degree and set on fire. 
Flame is only a succession of burning vapour, 
therefore it is always in some degree conical ; 
for it is consumed as it ascends, therefore di- 
minishes from a broad basis, and terminates in a 
point. This form is most observable in the 
tiame of spirit of wine. The vapour, as it rises, 
is not wholly consumed; the reason is, the au- 
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basTiot tnc access to the centre of tbe coSBinn 
of vapnur. The comhastion, thcFcfoPB, ttiut 
plice where the air has freest access, vii. oathe 
lurface. If a ball of tulphur is tuddenljr plimg^ 
into the flame, it will appear Ihal a ctmaiderablfe 
part of the vapour is not on lire. The 6anie is 
a hollow cone, surrounding &n entire cone of 
vapour. 

Flame vibrates, because the v^tour is tbrovm 
out iiregularly from the body, and because, 
being an elastic fluid, the smallest disturliance 
in the urmakeaihe two springs, i.e. oftfaeair 
and of the vapour, act on each other, and pro- 
duce expansion and contraction. 

Soot is a part of the burniiig vapour which 
has not been so much inHainod as the rest. In 
large flamesy the surface on which- the air acts is 
less in proportion Ui the quaniiiy of vaponr than in 
smalt llames; hence, proporttO«aity,Riore smoke 
and soot is farmed from large than small flamci. 
Combustiblei are judiciou'ii)' divided inta 
siihple and compound. I. The dimple are hydra- 
gen, phospkoi-us, sulpkur, and carboa. Dr. 
Thomson observes that the metals might be 
included, but the greater number of their pro- 
perties ace set <US'erent from the four bodies jusi 
mentioned, that it ts mo/e proper to cansider 
them as a distinct cbss of bodies. Thisi judi- 
cious philosopher adds : — *' All our classitications 
are in fact aitificial; Nature doe^ not Inow 
them^ uid will not submit to ib^n. lliejr are 
VOL. tl. K 
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nuAil, howeter^ as Uiey enable xa to It&ni a 
science sooner, and to reincni5er it better : but 
U' we mean to deriretbete advantages from them, 
we mast renounce a rigid adherence to arbitrary 
definitions which Nature disclaims." 

Ist. or HrDHOOBH it was necessary to treat so 
imply as a simple substance, that scarcely any 
thing remains to be said of its combustibie qua- 
lities. If hydrogen gas is mixed in a receiver 
' with oxygen gas, in the proportion of fiitcf^ 
parts of the fonucr to seventy-five of the latter, 
and an electric spark is made to pass through 
them by means of a wire insened in the receiver, 
they will explode, and pure water wilt be formed. 
This experiment is generally made in a tub of 
mercury, with the pneumatic apparatus, as de- 
scribed in Lect. Si. See I'l. VI. fig. 19. 

Philosophical fire-works arc also made by 
means of dlSerent mixtures of this gag with 
other aerial fluids. Bladders, with glass tubes 
and brass cocks affixed to their necks, are filled 
with the different modifications of this gas ; and 
when ibc cocks are turned, the infiaramabte gas 
issues out, and may be inBamed by a candle. 
Pure hydrogen gas a^rds a white Bame-; with 
a mixture of atmospheric air the flame is Itlue; 
and when mixed with carbonic acid gas in dif- 
ferent proportions, the different shades from red , 
to purple are produced. 

Sd. The appearance 'of phosphoro* has al- 
ready been described to be that of a traosparenl 
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^bsttnce, of a colour iticlining to yellow, like 
K clear horn ; it is specilicuDy heavier than water, 
19 tough, and cuts like bees-wax, and, like it> 
melts in a gentle heat {gg°) into a traoaparcnt 
fluid, and indeed with a less heat. With this 
heat it may be melted in water ; but if the same 
or even a lower degree of hejt, (43" for instance,) 
is applied in the open air, it melts, takes fire, 
and bums, producing a bright white flame with 
intense heat*. Those who iave been acci- 
dentally burnt with it complain that it gives 
more pain than any bum whatever. Tina is 
partly from the intenseness of the heat, and 
[.tartly from the nature of the matter produced 
during inflomoiation; the phosphorus being con- 
verted into an acid. 

The very small degree of heat necessary for 
seUing it on fire, shows t"he very strong attrac- 
tion -it has for the oxygenated part of the atnior 
sphere. • 

When the process of inflammation ie going 
on, the phosphorus is gradually changing its na- 
ture. The oxygen is attracted from the atmo- 
aphere, and becomes united with it, converting it 
into an acid matter, then called phosphoric acid. 

The following is Dr. Thomson's pro(^iig of 
preparing phosphorus ; — Let a quantity of buoes 

* A trii-kii played wilh thiaphoipbonii, viz. •MongGrel* 
[aw vrrapped rnuod a traltie. bv pouring hot water iaio t\e 
VmiIc, the outudc uf wbich ia first rabb«d with phtMphcM'at' 
K S 
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be burned, or, in the chemical language^ cal- 
cined, (ill they cease to smoke or to give out any 
odour, and let them afterwards be reduced tn a 
fine powder. Put one hundred pxrtsi of ihia 
powder into a stoneware bason, and add gradu- 
ally (stirring the mixture) forty parts of sul- 
phuric acid. Leave the mixture for twenty-four 
hour?, stirring it occasionally. Strain the liquid 
into a porcelain bason through a filter of cloth j 
the white powder which remains may lie thrown 
away. After this, pour slowly into the liquid 
acetat of lead dissolved in water, when a white 
powder will he precipitated. This white ptiwder, 
after being washed, is to be mixed with one-sixlh 
' "of its weight of charcoal powder. It is then put 
into a retort, which is placed in a sand bath, and 
the beak of it plunged in a vessel of water, and 
after some time the phosphorus will come over, 
and congeal uitder the water. I have phofpho- 
ru8 now in my possession twenty years old, 
which retains all its properties. It has of course 
been kept in water. 

Phosphorus combines' with sulphur in different 
proportions.— When the phosphorus exceeds, it 
is called phosphuret of sulphur; when the sulphur 
predominates, sulphuret of phosphorus. When 
used internally it is a poison. 

The combinations of the phosphoric acid with 
different substances, or phospkats, are very nu- 
merous. Phosphat of lime is the basis of all 
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boiieS, whether human or of other animals, and 
iliij is ihe reason of the above process, which ex- 
tracts the phoHiihoriis from, calcined bones. The 
sulphuric acid expels the phosphoric from the 
powder of the bones, and seizes on the lime. 
The sulphji.t.- of lime is the powder which n 
thrown away. The phosphoric acid remtuns 
behind, and when heated with charcoal in a re- 
tort, the oxygen comes away with the carbon in 
the form of carbonic acid gas. The pure phos- 
pii'iruB, iherctbrc, comes off into the water ii> 
the receiver. 

3d, Sulphur comes properly after phospho- 
rus, as it e()uals it in simpUcity, and i^ changed 
in the same manner. Sulphur or brimstone i^, 
in ^t, an elemenUry substance, which has, 
like pbosplioniB, a strong attraction for the osy- 
gen of the air. When inflamed, therefore, the 
ezygea is drawn from the atmoipbeTe,.andf 
uniting with the sulphur, the heat or fire which 
the air contained is let loose, and the sulphur, by 
this process (like the phosphorus) is changed. 
It assumes the acid character, and becomes sul- 
phuric acid. When the sulphur is imperfeptty 
DxygeiMled, it is volatile, in the form of suN 
phureoufi gas, or imlphurous acid. Sulphur 
nnites with the lixed alkalies,- and forms sulphu- 
rets, or livers of sulphur, , 

The attraction of sulphur tor lime is so weak 
as to be overcome by the weakest acid. A si^ 
milar production, to the livers of sulphur may be 
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obtained by the Tolatile alkali, butfcy a differenr 
process. 

Mix three parts of sal ammoniac, three of 
fresh qitick-lime, two of fTiwers of sulphur; 
di«lil them with a gradual heat: when the 
heat rises to a certain degree, the alkali is in a 
caustic slate, combines with the sulphur, and 
ionns a siilphuret much stmnger and more pe- 
retrating than that formed by fixed alkali. It i» 
called sulphuret of ammonin, or volatile tinc- 
ttirc of sulphur, and is administered by some 
quacks to enpel the gout, but very absurdly. 
This volatile sulphiiret emits fumes, and has a 
disacreeable smell, like all otilersolutiunsof sul- 

Si-lpltur i") iififn fimnd in tori'Ttl ml 'c qiMn- 
litics in a pme separate state, especially in the 
neighbourhood, of votcanos, or in countries 
where they have existed. It is contaiard alao 
in small quantities in the waters of some mineral 
springs, as tho^e of Harrowgate, for instance. 
The tvaters that have a sulphureous smell do not 
indeed all contiun actual brimstone, but a volatile 
vapour, producing the same eSect as the vapdur 
from a solution of sulphur. 

Sulphur combines with all the other simple 
combustibles and metals, forming aulphurets; 
and with some of them in a superabundant dose, 
formingsuper-sulphuretfl. One of these latter is 
particularly deserving our attention. 

Pyrites, whic-h is a super- sutphuret of iron. 
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ifl a nfiiwral of eonsiderable.weight, in appeafwic* 
and colour reoembling brass. It ib of vsriona 
fornix. Those pieces that are cubical prove that 
this matter is tlisposed to crystallize. Mort 
cooimonly it is met with in masses which have 
no regular external form. Those which are 
roiinJ have a fibrous structure, radiated from the 
centre to the circumference. ThosC used for the 
manufacture of \>nmEtOne are So hard as lo 
atrikc fire wilh steel. We discover the compo- 
sition of pyrites by beat: it bums like brim* 
•tone; and if a stronger heat is applied^ it rises 
in vapour, which when conden^ is brim- 
stone. 

- The sulphur lhi\t nlitainctl in, howercr, sel- 
dom pure, the Bitam of mciaU, cKrihs, anU oihtr 
substances condensing along- \vilh it. It may 
be purified by being melted in an iron vessd, 
and kept in a melted state, and then the impuri- 
ties settle at the bottom, and the matter being 
skimmed, is cast into moulds. 

Tf we wish sulphur still purer, we must use 
the Sowers of brimstone, which is sulphur puri- 
6ed by sublimation; but during this process 
some of the sulphur in apt to take fire, which 
gives an acidity to the rest. 'Hence we find in 
some Howers a little sulphurous acid, which 
prevents their gently laxative effects ; but this 
acid may be removed by only pouring boiling 
water upon the flowers, and drying them again. 

Besides the pyrites, there are other' substances 
which contain more or [ess sulphur ; m all on» 
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of DKtidB, except enlij. Th« om nf copper arc 
Acver without it, also those of Wail ; but the py- 
rites is the only ore from which it can be ex- 
tracted witi pr>fii. The combinations of the 
■ulphm-ic wid have been already noticed under 
the article salts. 

4(h. Carbon ia the next of the sim^^e com-, 
bufliihies whieh demands our attention'. The 
principal forms under which this substance vp^ 
pears is the diainund, charcoal of wo<xl, pit-coal, 
and carbonic agjd, wherever it exists. Carbon, 
however, forms a large proporiios of all vege* 
table matter, and even enters imre orlesi into 
the substance of most animal bodies. 

It is in the diamond alone, however, that car- 
bon exists in a state of purity, and: uncomliincd 
with other matter. It is not, however, so easy 
of combustim as charcoal, possibly from itt 
crystallized form, which may not admit of 
■o easy a separation of the parts. Charcoal 
takes fire at a red heat. The diarttoiid before it 
can be burned - tnust be exposed to a heat of not 
less than 300O° in the focus of a powerful burn* 
ing glass. It is then by its union with oxygen 
converted wholly into carbonic acid gas. Mor- 
veau found that diamond, during its combustion, 
combines with 4*399 parts of oxygen; conae* 
qnently carbonic acid gas consists of about 
eighteen pans of diamond, and about eighty-two 
of oxygen. 

Though we have been successfbl, however, in 
ditsolktiig and analysing the^Hamotid, we have 
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not as yet beea able to disengage it from^ tht 
oxygen when united with it, and reduce it agaia 
to its beautiful crystallized torm ; yet it wouldbe 
nsh to say thiit it never will be done. At least, 
having advanced so far, we may veuture to 8ay> 
that the making of diamond^ would be a much 
more rational object of pursuit than the phil(wo- 
' pher's stone, which so long occupied the aUea* 
tion of mankind. 

Ctaarcoat, however purified, is not, like the 
diamond, a simple substance, for it is always 
. combined with some portion of oxygen* aiui is 
therefore an (Kcide of carbon or of diamond; 
Lavoisier ascertained that pure charcoal is com- 
posed of about eighty-fonr pans dismqnd, ot 
pure carbon, and about ttiirty-six of oxygen. 

It hasf. however, stilt a strong attraction for 
a super dose of oxygen, whence it is very copa- 
bu3tible,.and by combustion in ibe open air, or 
in oxygen gas, is converted into carbonic acid 
{SI. This accounts for its utility in reducing 
the oxides, or calces, of metals, which, wh«i: 
heated with charcoal, part with their oxygeJi to 
it, and carbonic acid gasis formed, and the me- 
tals are restored to their metaHic state andliutre. 
Charcoal may be obtained from all vegetable and' 
. animal substances, and from fossils of the bitu- 
mmons kind. It. is- commonly procured by 
burning wood with a sinotbered: heat, and ex*^ 
tiBgiiishing it when red hot. - 

Chaccoal, unless heated, it in agreat niusuw 
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unchangeable; brace it is common to scorch 
ends of slakeSj Sic. which are to be put in tht 
earth, and when thoroughly charred, there is 
scarcely aa end of their duration. Neither 
moisture, air, nor any thing ef^se afTects charcoal 
ai long as it continues cold, nor e*en heat itself 
alone, provided the charcoal is kept in close ves- 
sels. The explosion of gunpowder greatly de- 
pends on the cljarcoal it contains, which fur- 
nishes an essential ingredient of that volume of 
air which e:(pand»^pon every explosion. 

il. Of the compound comlustibles^ Dr. 
Thomson most judiciously remarks, that they 
are aJmost all combinations of carbon and hy- 
dcogen^ or of carbon, hydrogen, and oxygen. 
TTiey £on*prehend a great part of al! vegetable 
and animal substances.. But from the ^K'esent 
-imperfiect state of chemical science, aoil still 
jnore from the nature of these lectures, which 
are only elementary, we must confine ourselves 
to the following: 1, Alcohol, or ardent spiiits ; 
S» Ether; 3, Volatile oils; 4, Fised oils; 
», Tao. 

lit. Alcohol, or ardent spirits, have the 
lailtr name b6m their inHammahihly and vola- 
bltty. The old chemists gave the name of spirit 
to every subtile penetrating li<}uor obtained by 
disliUaiioD. It is called ardent, to distinguish it 
£rem those that are not inflammable. When 
most pure> it is called rectified spirit of wine, or 
alcohol. It is obtained by fennentatioa frem 



.jijGoogIc 



Comlmtible Si^tanees~ SM 

vrgetsble substances, and eapecialf^- fronr tfae 
aacchartne and farinaceous plants which con- 
tain sugar, or fron) a solution in water of the 
sugar which has been ejitracted from these ve- 
getables. The same spirit is sometttnei pro* 
duced fiom seeds, and sometimes from the roots 
of vegetables, by previously nalting and aubse- 
<}uent itTDientation: from some it is obtained 
by dilution and fermentation, without malting. - 
By fermentation the saccharine and farina- 
ceous matter, of vegetables is much changed, so 
that, though at first rather heavier thMl-wateE, 
by the loss of iit carbon it becomes at last lighter 
than water, and discovers some lillle retuctaocc 
to mix with it. 

In the Tarions liquors thus produced there it 
always alcohol, water, tartar, a mucttagiaous 
matter, and a- peculiar oil to which they owe 
their flavour ; the quantity of alcohol is small Ttt 
proportion. The stiongest wines do not contain 
above one-eighth; those that are esteemed -very 
strong, not more than one-twelfth ; aiwl small 
liquors much less. 

- To separate the spirit pure is a difficult pro- 
cess. The fermented liquor is lirst distilled. 
As the spirit is the most volatile,, it rises first, 
but not without a quantity of water ; and though 
a great deal of the water, acid, and mucilaginous 
matter b separate^ not only water, but the vo- 
Ifttileoil has arisen, of a difierentflavour according 
to the liqqoi employed and the managemeiu of the 



D.5,l:sdl.,GODg]C 



»04 C/umistry. [Lecture 31. 

fermentation. The more complete the fcraienta* 
tion, the le« there U of ihe oil. 

To this oily matter the ardent aptvits owe their 
diiFercat flavours, ^r when it is $eparittcd they 
have all the same flavour, It is best dislin- 
guiflhed when the ipirit is diluted with water, 
which readers it milky. The waief baring a 
•tronger altractitm tor the spirit than the oil, 
the oil is in soine dt^ree precFpitated, and the 
flavour rendered more sensible. A strong spirit 
scareely parts with its oil but iu thi» manner. • 
i It is generally found that a secunt^ process or 
distillation is necessary, whieh is called rectifica- 
riwt j thus the spirit is freed from the water and 
the subtile oils, ihnugh it is not always easy to 
Kpnnite them. If, however, the vinous liquor 
is such as yields a spirit of the purer kind, the 
second distillation will be sufficient. In this 
case it is recommmded to add a. little water. 
Hits may 'seem wbimsical, as one end of. the 
distillation b to separate the.waier; bat the use 
»f. it is U> get rirl of the oil. Water is particu- 
larly necessary in the rectilicatton of small spi* 
rits, when intended tor the nicer purposes of 
-pharmacy or compouijd waters, which ought to 
have no bad ftavour. . 

When the quantity of liquor is great, it is 
easy to obtain some spirit exceedingly strong 
provided the beat at 'first is slow: but in small 
quantities of liquor the spirit can only be oh* 
tained pure by me^s of an elccnreattraciidaK 
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An brdinary fixed alkftli, as pearl aabes, is-added 
to it, which attracts the. water, is dissolved, and 
sinks with (he water to (he bottom ; . after thii 
pour off the spirit, and add more alkali, which 
will not be disaolved, btit moisitened ; repeat the 
operation till you observe^lhe alkali perfectly 
dry, when you may conclude that all the water 
it separated. By these repeated decantations w« 
may rend<?r the spirit sufficiently strong ; but the 
alkaline salt acting on the oily matter, imparts to 
the spirit a yellow colour, and part of the alkali 
being dissolved with it, gives the spirit a dis- 
agreeable taste. Id order to separate this and 
the oil which still remains, it is necessary to 
distil the spirit in a more gentle heat ; and some, 
thinking that the alkali may still rise, advise a 
quantity of burnt alum to be added, that it may 
convert the alkali into a sulphat of potass; but 
without this addition, if the heat is gentle, we 
obtun the«piril free of the alkali, which, whcQ 
quite pure and transparent, is c;dled alcohol. 
- The stronger any spirit is, the lighter it is. Iif 
judging. df spirits, dealers trust to proof by the 
bell, as it is called. Fur if brandy, containing 
equal parts of spirit and water, is shaken vio- 
lently, bubbles are found of a particular size, 
which rema(;ifoC;a certain length of time^ and 
arrange themselves round the sides of the phial. 
Jbn p&ttimUr^sise is known by experience, but 
the appearance is dilTerent if the spirit is either 
weaker or stronger than proof. This method. 
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howercr, cannot be depended upon, as the bab- 
bits of a weaker spirit more oily than ordinary, 
have the same appearance, and contiiuie as long 
as those of proof spirit; and some dealers have 
contrived lo give their spirit a certain viscidity 
which produces this appearance. 

Double rum is commonly examined by drop- 
ping olive oil into it. If the oil sinks, the spirit 
is considered as sufiieiently strong; if it swimt, 
it is thought too weak. No doubt but the com- 
paring of s^rit with other liquors whose density 
is nearly the same, is the best test of their com- 
parative strength, but ii does not determine their 
particular strength. 

In the custom-house they nse a ball of metal 
with a graduated stem*; but they are obliged to 
vary the instrument for the different spirits, 
having particular weights to screw on for each ; 
and as the temperature of the air alters mtich the 
density of spirit (for spirit has been found to 
expand seven limes as much as ({uicksilver), tbey 
have three or four weights for the different 
seasons. Yet as these are adapted only to four 
degrees of heat, as they have no directions oa 
what particular days they must be used, and ai 
what may be cal^d c6)d in Jamaica may be ve'ry 
warm weather here, this method maat be very 
inaccurate. 

Another method is to use a small glasis bi^tbl* 

■ Sm the lecture on HydnNtuin. - 
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with agraduated Btem. The iDitrument must be 
nearly of the same specific gravity with the spirit. 
The lowerorhigherit swims, thestronger or weak- 
er is (he spirit. 'I"here are only three or four spirits 
the precise strength of which itcan be of any con- 
sequence to know, as brapdy, double mm, and 
the strongest spirit of wine. If we have a vmaU 
plaits ball for each of these, tqual in speci'flc gra-* 
vity to them when of a proper Birei>gih, and use 
at the same lime a thermometer, they will answer 
foF all seasons. The painiers, who use spiriis of 
great strength, try them by kindling a wick of 
cotton wetted with the spirit, observing wheth» 
the wick is burned. If it is burned, they judge 
the spirit strong; because if it contained water, 
it would reniain with the wick, and prevent its 
consumption. Sut this method is uncertain; 
for the burning of the wick depends a good deal 
oa the quantity of spirit, and the manner of 
putting it on. 

It is also commonto throw some grains of 
gunpowder into the spirit : if they catch fire, when 
taken out, it is presumed no water is contained 
in it, for it would attach itself to the powder, and 
prevent its explosion. 

.^Icohol, when pure, consists entirely of car- 
bon, hydrogen, and a quantity of waters By the 
experiments of Lavoisier, seventy -six grains of 
alcohol contained abbut twenty>three of carbon, 
six of hydrogen, and forty-eight of water. ' In 
its stroDg^t state it is a colourkssj cubtile, pene* 
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trariag, fr^ant, uid infliuiiins^ie Auid. It ia- 
oae of the most volatile of all bodies, and hardly 
any thing is so much expanded or contracted by 
bealandcold. PrafessorBraun'aex>periment^sbo«r 
it to be tbe best £uid' for measuring intense d«- 
greesof cold; but it will not answer fop the de- 
gree of heat above animal bodies^ a^ its expan- 
sion whtn above this is irregular. It boils in' 
vacuo with a heat Icms than that of the blood of 
most animidB, On this depends thr operatioo 
of the pulse-glass, which is a tube with a .small 
bulb at its extremity, containing a quantity of 
•pirit of wine, which, when 6rst put io, is laade 
to boil briskly, that the ateitm' may expel the air; 
ft is then hermetic^ly sealed*, and- if the finger' 
or hand is applied, it boils. There is one thing 
remarkable: if we hold the instrunient upright 
it does not boil easily, but if we incline it ever 
so little, it boils. The fact it«, there seems to ba 
a bltle air left in tiie tube, which may. be neces- 
sary, to facilitate the production of vapour;, by 
i;iclining the tube we let in this air or elasiio 
fluid, and then the spirit boils. 

Spirit of wine undergoes spontaaeous evapo- 
ration in the air, without leaving any thing be- 
hind: tbe vapour burns without smoke, '^d 
leaves np ejLcrementitious matter. 

The first remarkable effect of mixture on al- 
CQhol is its mixing completely with water, which 

-• That h, by meUiDf the ^a.i at one end of the tube, to a> 
la a manner to lUdtr k togethtt. 
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no other inflammable suUlsncc will. This pro- 
ceeds, perhaps, from its being the least inflam- 
mable of them. It shows loo a considerable at- 
traction for water, ftir a. mixiure nl' ihem be- 
comes sensibly warm. Th.ir mutual atiraciion 
is the cause of their deserting other substances to 
join each other. Thus, if water is added to » 
resinous tincture, it prteipitaie^ the resii>, and 
mixes *ith:the spirit ^ and spirit of wine prccit- 
{Htates many salts from water. 
- The mixture -of alcohol *-ilh different acid* 
produces some curious phsenomena. 

'Die sulphuric acid unites with spirit of wine 
with great violence. Aliiixiure of ihi^i kind ia 
often made on account of the valuable produce 
by distillation. The process is. 

Pour into a vessel capable of bearing a great 
and sudden change in temperature a quantity of 
•piritof wine; then pour in an equal weight, not 
ai) equal bulk, of strong sulphuric acid, which is 
almost twice as heavy as the spirit o£ wine; The 
acid Hhouhl be poured in through a funnel, to 
prevent the effects of sudden mixture. The 
greater part of the acid, on aeconat of its weight, 
sinks to the bottom. Ynu may mix them by 
gentle agitation. The vessel, however, soon be- 
comes too hot to be touched. ' The mixture must 
then be disiilled with a brisk heat. The present 
heAof the n>ixiure is suvh, that if the still haA 
been previously heated, much of the liijuor witt 
toon \)fi evaporated. Cold water, or, (f oppor* 
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tunity, ice and snow must be fre<jueotIy applied 
to the rreeivcr, Tlie first matter that comesovet 
differs little from ordinary ardent spirits, on!y 
more free from water. Soon after, a very sub- 
tile, volatile, penetrating fluid rises' from the 
mixture, and a ttr^leful aromatic odour spreads 
through the room : itis called sulphuric bthsr. 
We know when h begins to rise by the stria 
formed on the upper part and neck of thfc retort* 
When about one-third of the mixture is come 
«ver> a viscid matter begins to rise. Here the 
receiver, containing the ether, must be removed, 
tnd another fixed to the retort ; for the matter 
whicl) then rises would render the ether impurei 
When this process hns been carried on too far,'a 
part of the suiphuruus acid couics over, which 
has a disagreeable imcil, like that proceeding 
from aulphur and bitumen. When the acid 
comci over, it generally gives a moistness to the 
ur. 

It it diiBciiIt to carry on the process further 
on account of the black fumes which rise, and 
which by their expansion burst the vessels. The 
mixture, when lirst put into the retort, has little 
colour; but during the process it changes, first 
into a yellow, then brown, then black, and be- 
comes viscid. Large bubbles arise, as in tar. In 
this state it has a very nauseous siiiell. If cu- 
riosity leads us to extend the experiment further, 
we must proceed with a gentler heat, and thus 
there arises more of the sulphurous aovl and 
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water ; at last there remains io the retort a siri- 
phurous carbonaceous matter. 

i. Etrfb is the lightest of all fluids, for rt 
floats OH spirit of wine, and oti every fluid yef 
known ; its weight to that of water being as ««n 
and a half to ten. It is so volatile, that it im- 
mtdiately evaporates, and spread^ itself all 
through the surrounding atmosphere. 

As it evaporates very soon in this spontaneous 
way, so it very soon arrives at its boiling point, 
which is 100 degrees Fahr. But its boihng 
point in vacuo appears from some experiments 
ttf Dr. Cullen far below frost ; wherefore if the 
pressure of the a'u* did not Iceep its particles 1o- 
^clher in all the variations that happen hcre^ 
tiluf would Huvcr appear in any other form than 
that of an elastic fluid, like air. 

After having shewn that the evaporation of 
fluids is attended with col^siderable cold, Dr. 
CuUeii repeated his experiments in vacuo. 
' Among other fluids he tried ether, in a phial 
B'trrounded by water. On exhausting the air 
the ether' boiled vioiently, and the water was 
converted into )ce< Upon the evaporation of 
the ether, the sensible heat was converted into 
latent heat, which necessarily produces cold suf- 
ficient to freeze water. 

Nitrous ether is made by gently distilling spirit 
of wine with one half lis weight of strong nitric 
acid. The mixture thus distilled hjs a peculiar 
fragrance. At first the nitrous- ether was only 
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considered is 2 composition of spirit of wine 
and nitric acid, till a Frciicti cticmist obuined 
elher from a mixture of this kind. He mixed 
the spirit and acid in ihe ordinary way, only air 
^ towing more acid. He set the mixture by, 
well corked, and after some lime fujind the 
ether swimming at the top, wiih a watery fluid 
at boltom. I'his proct-ss is disagreeable, on 
account of the vapours aud the danger of burst- 
ing the vessel. There are also a muriatic and 
acetic ether. 

3. Oils are combuxtible sub&tances, formed by 
nature in animal and vegetable bodies. They 
may be distingutsht;d into two principal kinds; 
the volatile and the Hxed. 

Isi. The volatile aromatic or essential oils affect 
the tongue generally with great pungency aod 
heat, and have all more or leas odour, generally 
strong. They have-no smoolbness, BlippcnDeu> 
or uncluotity when felt between the fingers* » 
quality that belongs to the fixed or uvciuouSt 
which are particularly bland to the taste and 
/ imeli; and these two qualities distinguish them^ 
viz. want of taste and of smell. What ha.v« 
been called the empyreumatic resemble so much 
the aromatic, that Ihcy are only distinguished by 
their origin, being produced by means of fire. 

Volatile oils, as well as the fixed, are com- 
posed chiefly of two ingredients, -fiydroccn and 
carbon, but they contain a larger prGponion of 
hydrogen than tbc lixed oils, from which they 
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may easily be distinguished, as (Vhen dropped on 
paper and evaporated they leave no mark or stain 
behiad. — The same test will of course determine 
whetlier they have been adulterated with any of 
the fixed oils. They are very numerous, and 
djfier in fragrance according to'the vegetabt« 
which has produced them ; the most common 
are oil of turpentine, of lavender, and camomile. 
Cunphor, accurding to sume'chemists, be- 
longs to the class of csBcntial oils, on aceount of 
iu strong and diffusive smell, being very infiam- 
msble, and burning with great obstinacy, even 
sometimes upon the surface of water. Its 
flame is very white and bright. It impregnates 
water with its taste and oilour, and dissolve! 
very readily in spirit of wine, from which it may 
be separated by water. In all these qualities it 
agrees with the aromatic oils, but differs from 
tbcm in appearing always in a solid form. 

When exposeO to heat, it leaves no feculenciei 
behind, and cannot, like the rest, be resolved 
into an acid water and charcoal. Instead of 
being liquefied by heat, it totally evaporates be- 
fore it becomes liquid; for it is one of those 
bodies which .have, their evaporating point below 
-that of their fluidity, while under the pressure of 
^be atmosphere; but if close corked up, it melts 
into a transparent fluid. 

■ To this class may perhaps also be referred, 
balsams and resinsj which differ from the oils 
chiefly in their degree of coosistencei Some of 
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the balxsmi approach in fluidity and tenacity ibe 
volatile oils, and on examination shew them- 
•elves to be aatural compounds of the same ma- 
terial*. Some contain one-half their weight of 

-oil, and the matter left behind is resinous, which 
may be restored to its former consistence by the 
restitution of the oil. Many of the aromatic 
oils, when distil Ied> leave behind them a reunoui 
substance; and the resins, when first exuded, are 
almost as thin as aromatic oila. 

Balsams and resins are usually obtained by 
' wounding the bark, &c., of the vegetables which 
contain them, so as to let the juices flow out. 
These juices at first are fluid, but upon exposure 
to the air they become thicker by losing some 
of their water and more volatile pans. In some 
few cases they are separated by spirit of wine. 

3. Fixed oils are liquid, unctuous to the 
ftel, very combustible, of a tnild taste, their 
boiling point under 600°. They are insoluble is 
water and alcohol, and leave a greasy stain upon 

'paper. They are obtained partly from animals, 
and partly from vegetables, and are often called 
expressed oils, from the manner of preparing or 
obtaining them. They are produced and con- 
tained in particular cells in considerable quanti- 
ties, 3o that mechanical pressure is often suffi- 
cient for obtaining them. In some cases this is 
^loDfl by heating the vegetable or animal matter, 
and then exposing it to a strong pressure. It' is 
thus iinseed oil is prepared. In other cases the 
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oi\f matter is boiled a consider^lc time in wt- 
ter, as is sometimes practised with olives, and 
more especially with the animal oils. The wa- 
ter in this case dissolves the matter of which tht 
cells are composed, and sets ihe oil at liberty. 

•' It deserves attention," Dr. Thomson re- 
inaHcs, " that the only part of vegetables io 
which Gxed oils are found is the seeds of bico- 
lyledinous plants. In animals they are usually 
deposited in the liver, though they are found 
also in the eggs of fowls." — ^Tbis, however, must 
he received with some allowance with respect to 
^me animals, since in the most copious quanti- 
ty they are found in the adipose membrane, as 
. ID the lard of hogs, the tallow of cattle, "and the 
blubber of the whale, 

. Fixed oils are at present considered as com- 
posed only of hydrogen and carbon. By the ana- 
lysis of Lavoisier 100 parts of olive oil consisted 
of about seventy-iiitie parts carbon, and twenty- 
one by<i-ogen. 

Some of these oils have the property of dryin|; 
easily without losing their transparency, such as 
linseed oil, nut oil, poppy oil, and hempseed oil. 
Tliis property is increased by the addition ctf 
litharge (an oxide of lead) which is partly re- 
duced by the process, whence il follows that 
this properly is increased by the absorption of 
oxygen, or by taking away part of the hydrogen. 
The mild alkalies, carbonat of potass, soda, 

. 8tc., have little effect upon these oils j but the 

' s 
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caustic, or pure altiali, has a coas'iderable at- 
traction for them, and unites with them ioto t 
compound called soap. The caustic alkali gives 
thesoapan attraction tor wat£r,and penetrates the 
oily matter, which we want to wash out. Tb< 
use of the oil is to soften the acrimooy of the 
dkali, and give it a slipperincss, by which more 
mcchanicsl force can be employed in washing. ^ 

To this class of combiistiblca we refer all tbe 
fossil combustible substances, some of which an 
fluid, others solid. TUcSuids differ in degree 
of fluidity and subtilty. Among the principal 
of these we reckon naphtha, bitumen, amber, jet, 
and pit-coal. The grand constituent of all 
these ii carbon, but so infiniiely varied, thai, 
though tbe deiail of their properties might be 
entcrlainiag, it would greatly exceed our limits. 

3. Tan is, however; a production of a different 
nature; but its constituent principles, have not 
yet been ascertained. It differs according tothe 
vegetables from wliich it is produced Nutgaile 
arc supposed to' contain the largest proportion. 
From its propensity to unite with the gelatinous 
parts of animal matter, and toibrm withthema 
hard substance, arises its great use in tanning 
4eather. It is also of extensive use in dyeing, tmd 
ID the making of ink. 
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MsTALtic substances are valuable for their 
durability in resisting ihe effects of humidity and 
of air; for the closeness of their texture, which 
renders them capable of polish; for (he strong 
cohesion of their panicles, which renders them 
highly pntper fiir uleiisiis where strength is to 
be combined with raodtrate bulk. 

The first and most obvious property of metals 
is their remarkable weight, in which they exceed 
all other bodies. By this they are distinguished 
from earths, which in some states they FeReinble: 
none of the earths, however, are much more than ■" 
four times their bulk of water in weight ( whereas 
tin, the lightest of metals, is seven limes as heavy. 

2. They have a great degree of opacity, beat- 
ing off all the raysof light without receiving any 
into their substances; and the thinnest film of 
metal is as perfectly opake as any solid mass. It 
has been thought that gold leaf, which transmits 
some rays of light, is an exception; but there 
is reason to think that this depends not on 
any pores in ihe metal, but on cracks atKl flaws 
pnKlueed by beating-- which always reduces me- 

VOL. II. h 
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tals to 3 degree of rigidity and britlleness. To 
remedy this, the metals are generally heated red- 
hot, and cookd again slowly ; in this case their 
malleability nill be increased; and this is called 
annealing them : but this is not done in beating 
out gold leaf; it may therefore be very probably 
broken in several places, and have minute flaws 
which transmit the light. Krammer says, if 
the gold i^ annealed, the leaf wilt be quite opake. 

3. Metah are likewise distinguished by their 
properties with regard to electricity, which rank 
ihem among the most powerful of conductors, 
and render them more easily affected by lightning 
riian any other matter. 

4. Another property of metals is fusion by 
heal. In this stale they always retain their 
-opacity; and there '\& always a sort of repulsion 
between theui and any vessels into which they 
can be poured, except metallic ones. Their 
particles, when melted, h^ve an attractlofi for 
one uiotber, in consequence of which they form 
into spheres. Thii is evident in quicksilver 
when thrown upon a table, the globules reflect 
all the objects round. In general, melted metals 
have a repplsipn for other fluids ; hence they 
cannot be mixed with oil^, melted salts, or earths; 
but some of the combuM^lble bodies uoit^ witli 
them in their iJieltcd state. 

i. The "tost cuipuioti 4i^d best known metals 
ppsecBS Diallcability; 4ud m^t^lsarp the poly bo- 
.^s in which this property is found. 

^£ (o th^ c^t? of h^t upOB uiei^^ they !»• 
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conae fluid, like other bofJief^ m different degrees 
of it. Many are also volatile when exposed to 
an intense beat. There is one phsoomenoo of 
melted metals, which, to prevent mistake, I will 
mention ; the violent explosion they produce 
when they touch any thing moist. From whit 
has been previously stated, it \i obvious that this 
effect depends oa tbe great degree of heat the 
metal is capable of receiving, which converts the 
moisture into vapour ; yet when poured into 
moulds of sand there is no explosion, thougb 
humid, because the vapour, easily finds a way_ 
through the pores. In general, however, th* 
workmen pierce a number of holes through the 
sand. Copper and brass produce this effect 
most, because they receive the gresttcst quantity 
of heat when exposed to any given degree. Thus 
if we expose equal bulks of copper, iron, lead, 
tin, and silver to the heat of boiling water, and 
throw them into equal quantities of cold water, 
the copper will heat the vtiater most, the iron nextj 
and so on in the order recited. 

When metals arc heated tn a very high degree, 
and the heat continued in the open a'r, they will 
be reduced to a calx, or cinder-like appearance. 
This is occasioned by their attracting the oxygca 
from tbe atmosphere, which then uniting with 
them, forms them into oxides ; and in this state 
they are soluble in some degree in water. Gold, 
silver, and platinum are exceptions to this, for 
tb^I ji^raction for oxygen is so weak, th^t ttuy 
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Kmain unchanged by heat, ar^d have therefore 
been called perfect metals, 

Metals are also calcined, or, more properly, 
according to the new chemistry, oxidized, by 
being immersed in the acids, which part with 
their oxygen to the metals, and reduce them to a 
calx or oxide. The perfect metals, however, 
require a peculiar acid to oxidize them, which li 
called atjua regia, and is in fact a super-oxygen- 
ated acid, fiut of this I shall trvat more in 
■peaking of the action of acids on them. 

The calcination of volatile metals, such as 
zinc, &c. is similar to the burning of comt^sti- 
blcs. TTjeir vapour, when it mixes with the air, 
is oxidized, and has the appearance of white 
■moke, like that of phosphorus. It attaches it- 
self to the surface of other bodies, and, when 
collected, proves to be an oxide of the meial. 
In some cases their dissipation is manifest, as in 
xinc, where the heat and tight are evident; -but 
in most others there .is no light, though perhaps, 
if inspected in a very dark room, by a person 
who had been long in the dark, light might be 
percuved in many of them. 

Copper oxidizes in a heat below that neces- 
tary for its fusion; and to prove it, expose pieces 
of copper to heat and air, and yon will find them 
covered with a dark crust, wTiicb may be easily 
powdered. 

Tin is not oxidized till after it is melted: 
■when exposed to an iatense heat, the osidizc- 
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ment is attended with heat and light, or the me- 
tal takes fire, and burns like a combustible siib- 
■tance. 

Lead also is not oxidized till after fusion, but 
Riay bt easily reduced to an oxide, by keeping it 
in a htat greater tban that necessary for its fu- 
sion; so that a film forms on tls surface, which 
is its oxide. If this film is removed, a new one 
will form, and thus we may oxidize the whole. 
But the best and quickest way is lo beat ihe lead 
to such a degree as is sufficient to melt the onide, 
(here will then be no film formed on the surface j 
buttheoxide will be melted, andfloat distinct from 
the metal, and will then fall to the side of the 
vessel. This operation is called the scorification 
of mstals. Metals are, however, capable of 
uniting with diffeient proportions (or in th* 
chemical language, doses) of oxygen. These 
have been judiciously distinguished by prefixing 
to the word oxide the first syllable of the Greek 
numerals*. Thus the protoxide denotes the 
first oxide, or the metal combined with a mini* 
mum of oxygen ; deutoxide the second oxide, 
or the raetal combined with two doses of oxy- 
gen ; and when a metal has combined with as 
much oxygen as possible, it is denoted by the 
term peroxide. 

The rusting of metals is a change to which 
they are subject in consequence of exposure to 

* Thanuon'i CktmiaCTj.' 
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-Ifie air. We always find the rast to be an oxide, 
.iuch as that produced by calcination, or by 
acids ; and the reason is plain : a metal rusts by 
merely attracting the oxygen from the atmo- 
sphere, and therefore undergoes a gradual oxi- 
dizement. 

Metallic oxides are either a powder o/a friabln 
■ubstance resembling tbe earths: they enduft 
Tiolent heat without evaporation. Some of 
them are fusible, especially when moderately 
calcined, but always require more heat for fuBlon 
Ihan the itietals frohi which ihey were obtained. 
They form a mass which has ho resemblance to 
any metal either when melted or. congealed. 
Some of them in this case form glass, like the 
fused earthy substances. This melted matter or 
scoria (as of lead littarge)' will readily mix 
with any of the earths in a melted state, and 
brings maiiy of them into fusion ; but it will not 
mix with metals in their metallic state. 

The particular change which metals undergo 
in consequence of oxidizement, is the means 
which is commonly recurred to in separating 
metals from one another. I have observed be- 
fore, that Home oxidize more quickly than others 
when exposed to the same heat ; and as no oxide 
will mix with a metal in its metallic state, wft 
may separate those which are difficult from those 
which are more caty to be oxidized. Tlie mixed 
metal is exposed to a heat sufficient for the oxi- 
dizement of tbe more oxidizable metal ; the 
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«x]de is kept melted a> fast aa Formed, by addi' 
ttons of esline substances, or other m£taltic 
oxide;!, which promote its fusibihty. If the 
process is long enough continued, the whole of 
the more oxidizable metal is separated in the 
form of an oxide, which being incapable of 
mixing with the more entire metals, remains se- 
parate. 

Thus gold, silver, and copper, are separated 
from other metals which are accidentally mixed 
with them, or contained in their ores ; for though 
all the other metals do not of themselves ondize, 
yet by the addition of an oxide of lead they are 
brought into fusion, and produce scorias, whicb 
float round the metal. It is true, a part of the 
metal is sometimes bronght into the state of aik 
oxide, particularly copper. But gold and silver 
auffer no loss in this way, and if the operation i» 
properly conducted, only a small part of the 
copper is oxidized during the calcination of the 
more oxidizeable metals ; and its oxide is mixed 
with the Bcorias, and may be afterwards reco- 
vered. 

Oxides weigh moi« tt&n the metals from which 
they are obtained. If we oxidize au hundred 
weight of metal, its oxide will be greater. Hed 
lead gains ten pounds in the hundred, or more> 
This is evidently owing to the quantity of oxy 
gen absorbed by the metal, and exactly corrc- 
tponds with it, ^un, by Rubmittin^ the me- 
tallic oxideB to a strong heu in contact with uiy 
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iubstance which has a Sitronger attractJou fop 
oxygen, ascharcoa), or most of the combusti- 
bles, the. metal will be robbed of the. oxygen, 
and restored to its metallic state. TTiia opera- 
lioH is called the reductkn of metals. All com- 
bustible aubstances will icdnce metals, except 
sulphur. 

The common method is to mix the oxide ti> 
be reduced wiih charcoal, or any combustible 
substance capable of siislaiiiing a strong heaU 
Heat is then applied, the violence of which musk 
be different in di9*erent cases: the oxide imme- 
diately recovers itn metallic btrm, often with th» 
pfaxnomcna of ebnllition and effervescence. 
' Tliemrlalt can also be restored by means of 
each other. Thus we may rediwe oxide of leail 
by melting i«, and throwing in t quantity of 
iron or steel filings ; and the oxide of copper and 
sotne others by throwing in a quantity of lead, 
which is suddenly oxidized, while the copper is 
Rduce^, the lead having a atrotiger attraction for 
the oxygen than the copper. 

The nieuls diemselves will, upon the samo 
principles, recover some of the inflammable 
Substances. Thus phosphorus, after burning, 
may be reduced ^ tin, iron, or zinc. Brimstone 
may be reproduced by silver, lead, tin, copper, 
&c. 

Whet\ smalt quantities of metallic calces 'are 
to be reduced, the Hack ftux^ as it is called, is 
generally used. U has its name ixom its colour, 



I, Google 



Metals, 9M 

■which arises from a quantity of chxrcoal it con- 
tains, and from the property of fluxing or bring- 
ing metallic oxides or eartha easily into fusion. 
Such a heat should be applied aa will loosen the 
particles of the charcoal from one another, for 
ihis will promote the reduction. This method 
js used in reducing small quantitiei, as in assay- 
ing of ores, but would be .too expensive when 
much is to be reduced. They then, mix the 
oxides or ores with the fuel, and apply a strong 
heat, but let at) little air as possible pass through 
the fuel; because if air was admitted, tt would 
of course bring a quantity of oxygen with it, 
which would prevent the reduction. For this 
purpos.e, therefort:, a particular sort of furnace 
has been constructed, in which ihe charcoal of 
wood is most used ; but when metals are much 
oxidized, we do not find that we can recover the 
whole of the original metal by this operation, 
for there is always a portion of it lost. 

7'he metals combine also with the simple 
combustibles, and the termination met is added 
to the name of tlie combustible, to denote the 
combination.— Thus we have a phosphuret, a 
fulphuret, a carburet of the metal. Hydrogen 
does not enter into similar combinations. 

Sulphur is the most remarkable among the 
combustibles for it* effects on metals, which 
show different degrees of attraction for it. Thus, 
if .to a compound of lead and sulphur we add 
iiron, and melt them, ^the iton unites with.the 
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sulphur, and rises upwards with it, whilst tbe 
lead is collected into a button at the bottom. A 
coRipOBnd of sulphur and fixed alkali proves in 
general more powerful over the metals than the 
•ulphur or alkali \sy itself. 

Of sails, the acids have the greatest effect in 
mixlure upon metals, wfaitlh have an attraction 
for acids, and unite with them into compound 
ifllts, many of Which crj'stallize. The corro- 
liveness of the acid is abated by its adhesion to 
the metal ; but not BO much as in compounds 
which contain alkaline sahs or earths. There is 
'also a point of saturation ; a given quantity of 
flcid converts only a given quantity of the 
metal inCo a compound salt ; and, on the cotf- 
trary, the metal attracts only a certain quantity 
of (he acid. But this saturation in not so in- 
vifriable as that of acids with absorbent earths. 
In many cases the same quantity of metallic 
matter may be united with different proportions 
of acids, and the compound differs in appear- 
ance according to the quantity of acid it con- 
tains. With a large quantity' of acid it is more 
soluble in water, and is often deliquescent. 
Where the proportion of acid is small, there ts 
little or no solubility, the metal being only oxi- 
' dized by taking some of the osygen from the acid. 
Every metal is not disposed to unite with 
every acid, though some unite with all ; others 
•nly with one acid. The order also in whidi 
thty attract them is different from that of alks- 
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-Hm md dtBorbent -eythi* Metala attract the 
sitmatic acid most Btrougly, uest the sulphuriCf 
and luit the nilric. The metaU which dissolve 
in the same, acid differ very considerably in the 
fivce with which Uiey attract it, so that th^ 
mjiy be employed to precipitate one aaother. 
Tbtu, if we add to t^e solutioa of silver in nitric 
scad, quick»ilver, it precipitates the silver; this 
M again prec)[»ta.ted hy copper, and copper by 
iron or lead, -and Jheae by zioc, which may a,\ffi 
he preci|ntated by an alkali. 

Tbe solution of meuU in the acid« is attendett 
vith «n dastic v^our and effervescence rcscm- 
bliog that of acid& with alkalies or ahsorbeot 
«a«th9. Thie arises &om the dtcomposition of 
a part of the watery m^ter of the acid, and the 
iumes that are emitted are commoinly hydrogen 
gas, which you wijl ,reipember is one of the con- 
stituent parts of water. 

The compounds of metals with acids in gene- 
tal are corrosive. There are several con^bina- 
tions of the mineral acids with metals, such A 
silver, mcrcur}*, copper, and antimony, almost 
as corrosive as the acids themselves ; and some 
«veii more active, esptecially when 'akcn into tit* 
Uomach. Teu or twelve drops of a mineral acid 
diluted with water may be safely taken; but 
when combined with some of the metals, such ,» 
dose produces the most dangerous effects. 

JMetals, we have seen, may be separated froin 
the acids by oQewother; j^)d it is woithy .t>< 
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notice, that when one mttal is employed to pre- 
cipitate another, the metal which is the preci- 
pitant dissolves without mnch pffeirescencc, and 
this becomes a salt, while the first metal is pre- 
cipitated in its metallic state. This you wilt 
easily understand if you attend to what has beett 
advanced ; for the acid with its oxygen is simpljr 
tran'sfcrred from onC metal to the other j the 
latter, therefore, remains dissolved by the lii}uor> 
while the forme; sinks to the bottom. 

Alkalies in general precipitale the metals 
when dissolved in the acids ; yet, in many cases, 

' if a greater quantity than is necessary iot pre- 
cipitating the metal is added to the mixture, ik 
re-dissolves the metal. The precipitation made 
by the alkali is, however, not in the metallic 
form ; and the reason is, that the alkali does 
not, like a metal, attract the oxygen from the 
precipitate, which therefore £alls lo the bottom 
in an oxidized state. The oxide thus precipi- 
tated is always heavier than the metal would 
have been by oxidizement in the (ire. The al- 
kali also dissolves a part of the metallic oxide, 
• especially when pure or caustic, that is, uticom- 
bined with carbonic acid, in which state it shews 
a high degree of activity with regard to the me- 
tals, especially if applied to them when melted, 
dissolving (hem all, except gold and silver. 

The alkaline carbonats, or, as they were foe- 
ntcrly called, mild alkalies, have not, however, 

■' this law eflcct : they, and some of. the neutral 
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-salta only t>romole iheir fusion without dissolv- 
ing them. Borax, for instance, is much used in 
«oldering meials. lis effect in promoting thdr 
fusion seems to arise iram its forming a conti- 
nued fluid medium between the sides of the ves- 
sels and the surface of the otetal ; through this 
medium the heat is transmitted frooi the one to 
the other more easily than it would otherwise be. 
Borax is of use too in promoting the anion of 
the particles of metats, by making their surfaces 
dean and bright. Globules of mercury, when 
covered with dust, can scarcely be united ; but 
when made quite bright, they unite as soon as 
brought into contact. Borax pretierves the par- 
ticles clean fay dissolving any particles of dusl^ 
■or of their own oxides, which may cover tbem j 
for borax is a very powerful solvent. By spread- 
ing over the internal surface of crucibles, it also 
gives a small glazing, which makes the vessels 
pour out better; hence the goldsmiths use it 
much. The other neutral salts act only by the 
assistance of heat : by a considerable degree of 
heat they act upon the metala, aod corrode and 
dissolve them, the acid being loosened by the 
heat; as sulphat of potass, common salt, &c. 

The effects of nitre and muriat of ammonia 
are much more remarkable. When nitre is 
mixed with ihe metsls, there is a violent de- 
flagration, attended with intense heat and light, 
as is the case in mixing it with other combusti- 
ble bodies, and the metal is oxidized by means 
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of the oxygen contaioed in the nitre. The A- 
4ali of nitre, geparited in this manner, proves 
different from the alkali separated by combuali^ 
-ble substaaceB, pamcularly charcoid ; fbr wSnen 
tb(^ are Separated, it is alwsjrs very mild (becauic 
the charcoal supplies it with earboaie add) ; <w 
the oentrary, when deflagrated with aetalfi, it m 
always very canotic. l^e alkali of QMinat o£ 
«nMBonia also rises caustic in this case. 

Metals do not easily mix with earths, glass, «r 
'their own oxides ; hot their oxides read^y mix 
with glues, and gire it all the i^crent tkiges hy 
which it is daade to resemble gene, Sec. 

Compousds of meuls are often imire fijiible 
than metals in their separate stale ; bence Uicf 
tfregenerally employed ni solders, and <tfae com- 
pound is of that metal which we desnc to umt^ 
H)iKad with some other, to render it more fusible. 
Thas the solder of gold is a mixture of gold 
■«id silver ; of silver, silver and co|^r ; of «op- 
-per, copper and brass, or brass itself. These 
oompounds oxidiee more rea<^ly than the xnetali. 
' I mentioned the variation of specific granty 
4W one of the general effects of mixture upon all 
bodies ; but it is very remarkable in metals. Dk. 
Lewis, in remarking on the compounds of pla- 
'linum with the (lifTerent metals, says, hefouud 
them sometimes to hjive more weight than 
ought to have resulted from the eombined 
weight of the two, as when it was combined 
«itli>in)n. la many cases the compotmd was 
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lighter^ the metal rather sweHhig than contract- 
ing itself. 

Few metals are found in a pure state; goli^ 
silver, and sometimes copper, are eiceptions. 
T^e other metals are generally found in the staM 
of ores, in which they are mixed and blend- 
'ed with other substances, so as not to hare the 
ductility or other qualities of metals : often, in- 
deed, they have the metallic lustre. Snnetimes 
the ore is only a. pure oxide, which requireo n© 
more than that the oxygen should be drawn 6y»k 
it, by heating it with a cembsstibk substance; 
Such are all the ferruginous ochres, which t3K 
oxides of iron. 

The ores of metals arc generally found in the 
■reins of mountains or rocky strata, and are al- 
ways separated from the rodcs on each side by « 
quantity of spar, quartz, or sometimes 86ft 
clay or earth. The spar is generally of thfe 
gypseous kind. These ibrm the matrix of Uie 
ore ; in England called the rider. In different 
Teins it is of di0erent thicknesses ; the quantity 
of the ore increasing as that of the matter which 
surrounds it diminishes. Often the ore is in 
branching masses, wandering irregularly through 
it, and is often rudely mixed with the matrix in 
veins of diHerent thickneases. These are called 
brangled ores. 

The Tcins or fissures of the rocky strata are 
sometimes only a few inches wide, and some- 
times many yards. In rich mines tbsre are joa- 
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mense masses of ore many feet broad. Where 
the veins happen not to be filled upj we find the 
pres cryMaliized round the cavity. 
. The ore, when separated from the matrix, ge» 
jierally contaiits some other matter ; as sulphur, 
arsenic, of both, and sometimes an earUiy 8ub> 
stance, the whole bein^ united into a compound 
which at Hrst appears homogeneous. 

The first operation on metals is to separate 
the ore from the matrix. When tbe ore ie 
found in large masses, most of it may be dug up 
Jree iirom tbe matrix, aud those pieces to which 
it adheres may be freed by a hammer. But as 
the ore is often intimately mixed with the ma- 
trix, it is necessary to try other methods. 
. Sometimes the whole is reduced to powder, 
-And tlirown into water; the waler is then put in 
motion, and the earthy matter floats above tbe ■ 
ore, on account of their different specific gravity. 
It is still better to place the powder on a board, 
over which water may be made to run; being 
etirred while the water runs over it, the earthy 
parts float, and are carriedoff, whilst the nietailic 
parts remain behind. This operalioa is called 
washing the ore. 

When the matrix is not divisible by water, a 
stamping- mill is enipli^'ed, which consists of 
an axis turned by a waler-wheel. On the axis 
there are a number of cogs, which lift up a per- 
pendicular pillar of wood, plated at bottom with 
ir^n; thiiS^ fatling down, bruises the matrix to 
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powder. It often happens that the inatri:( is 
lianler than ihe ore, and in this case the ore will 
be reduced to a much finer powder than it. 
Though the ore is a much heavier substance} 
yet its surface may be so much increased, that it 
may be carried ofl" by the water before the matrix. 
This may be obviated by subjecting the mass to 
a brisk heal, and throwing water upon it when 
red'hot, which readers the matrix more easy to 
be powdered. There are many ores of this kind 
which undergo a fusion by heat ;. hence the small 
particles of thematrix which are angular and ir- 
regular, conti^ct themselves into little spheres, 
by which means, losing part of their surface^ 
they become spesifically heavier, and fall more 
readily to the bottom of the wafer : the ore too 
genersDy loses part of the sulphur it contains, 
and, on this account, becomes speciUcaliy hea- 
vier ; the stone becomes softer, and is some- 
times disposed to fall into powder merely by the 
application of water, especially if composed of 
calcareous or gypseous spar. Quartz is not in- 
deed so easily heated in ihis way, but it becomes 
softer by these means ; cracks and flaws are pro- 
duced in it, and of consei^uence it is more easily 
divided. 

After all, there will in washing be some loss 
of the metal : hence it is found more expedient 
to bring the whole mass into fusion, as is much 
practised in Germany. The fusion is performed 
in some of the ordinary furnaces, and comraoa- 
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ly with the addition of particular stones, or tM 
Scoria: of former fusions, which greatly promote 
the fusion of ihenew matter. Thus, the melalliG 
matter settles to the bottom still in the state of 
an ore, whence the process is called crude sepa- 
ration, when the ore is thus freed from its ma- 
trix. The next operations are to separate tht 
■uiphur, arsenic, Stc, which the metsh may 
contain ; and this must be done by a mild heat, 
because *of their strong adhesion to the metals, 
which the metallurgists call their rapacily. If 
exposed to a violent heat, the arsenic will hardly 
leparate when forced off intensely^ s^nietimes 
carrying ofiT part of the metal along with it. 
This treating the ore in a gentle heat ia called 
roasting it. The workmen commonly build the 
ore into heaps with fuel, so that the whole may 
become red-hot, and the air have &ee pass- 
age through it. Some ores, as those of copper, 
require many repetitions of the process, the sul- 
phur and arsenic adhering so elosely. 

In consequence of this operation, the tnfetal 
remains more or less in the form of au oxide ; 
the operation of reduction becomes therefore ne* 
cessary. It is often proper to add earths to the 
ores, as they frequently contain earths not so 
easily fiisible, but which, by mixture with others, 
become so. The fire being kept up for some 
time, the ore melts, and as it passes through tlie 
fuel, which is generally charcoal of wood, the 
oxygen which the calx contained it drawn off i^ 
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the charcoal, forming carbonic acid gas, and the 
metal falls into the bason constructed for that 
purpose in the furnace. 

Tlius the metal is obtained free from earth]r 
and stony matter, and generally from arsenic and 
Sulphur, but it sometimes contains other-melals; 
thus copper has always with it more or less of 
iron, silver, a quantity of copper, &c. 

Some, 8s lead ores when rieh, are treated by 
im-nediate fusion, without prcTious roasting; 
for though it would give a greater quantity of 
the metal, it would be too expensive. There are 
inafty ot&s in which the metal exists in the state 
of aa oxide. Here previous roasting would be 
of no advantage. The ores of silver and gold 
require certain additiona to them, to attract th» 
sulphur and arsenic, and to melt theother matter 
which i» mixed with theoij so as to dispose them 
to separate. 

To this account of ores must be added 
some observations on assaying. It seldom hap- 
pens that the same person takes the ore out of 
the mine and refines it. But to know the value 
of it,- they must know the quantity of the metal 
which the ore contains. 

The assayer takes a small specimen, about 
one-eighth of an ounce. He first, if there is 
occasion, performs the operation of washing, 
then separates the sulphur and arsenic by roast* 
ing. See., observing with attention what matters 
are evaporating ; he then melts the ore in a 
crucible with' other substances (to promote the 
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fusion and attract the oxygen), of which black 
flux is the chief, with a quantity of comniou 
sah, Someliines glass-or borax are used to bring 
the metal into fusion, and preserve it from sco- ■ 
fificalion; and sometimes pure alkali and char- 
coal dust are preferable to black flux, as in the 
case of iron. When a proper heat is applied, 
ihe metal appears at the bottom, and by corre- 
sponding weights he calculates how much a 
hundred pounds of the ore will produce. The 
operation is nice, and therefore generally requires 
to be repeatedj as a slight variation in the heat 
employed to reduce the ore, will either fail to 
give it the necessary fluidity, or too great hea^ 
may oxidize some of the metal. 

Metals were formerly divided into — 1st, The 
perfect, or such as cuuld not be calcined or oxi- 
dized by the application of heat ; and these were 
gold, silver, and platinum : 2d, Imperfect or 
base, which might be calcined, but which were 
malleable ; such were mercury, copper, iron, lead, 
■ And tin : and 3d, Semi-metals, which were not 
malleable ; as antimony, &c. 

Dr. Thomson adopts a division more agree- 
able to the principles of modem philosophy, and 
reduces them under the following heads. 

I. Malleable. 
1. Gold, 5. Copper. 9. Nickel, 

e. Platinum. 6. Irou. lo. Zinc, 

3. Silver. 7, Tin. 

4. Mercurv. 8. Lead, 
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II. Brittle, and easily fused, 

1, Bismuth. 3. Tellurium. 

2. Antimtmy. 4. Araemc. 

lU. Brittle, and difficultly fused. 

1. Cubalt. 6. Titanium. 

2. Manganese. 7- Chromium. 

3. Tungsten. 8. Columbium. 

4. Mnlybdenum, 9. Tantaltum. 

5. Uranium. 

Of the twenty-three metals at present known, 
only eleven had been discovered before the year 
] 730. Those of the first class are the most use- 
ful, aud most generally known. Antimony and 
arsenic are chiefly remarkable for the use of their 
oxides and compounds in medicine; cobalt and 
manganese are useful in the manufactures of 
china and glass. Bismuth, dissolved in an acid, 
and precipitated in (he form of an oxide, pro- 
duces that pernicious cosmetic called pearl white. 
The new metals have not been found, as yet, of 
any use whatever, and are only objects of cu- 
riosity to the mineralogist. 

! shall conclude this lecture with a summary 
view of the most lemarkahle properties observ- 
able in the metallic bodies of the first class, 
which are by far the most important. 
-, 1st. Golfl, as the most precious of the me- 
tals, holds the first rank. It is more ductile and 
malleable (that is, more easily beaten out with a 
bammer) than most metals ; but it has less of 
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tenacity than some others. It is unalterable w 
fire, or by exposure to air or water. In philo- 
cophtcal language, it is not osidizable by these 
means. From its unchangeable nature and beaud- 
ful appearance, as well as ite gcardity, it has been 
adopted as a standard of value for the transfer of 
of all other commodities. 

Gold il, however, not altogether unchangeable; 
for it may be dissolved by the uitro-muriatic acid 
(cotnmonly called, on this account, aqua regia), 
and also by the oxygenated muriatic acid. If a 
sheet of tin is immersed in a solution of gold, 
the oxide of gold is precipitated of a purple co- 
lour, and when scraped off Forms the beautiful 
purple powder of Cassius much employed in 
enamelling. 

Sd. Platinum was not known as a distinct 
l' metal before the year 1752. Its specific gravity, 
when pure, exceeds that of gold, and it is there- 
fore the heaviest substance in nature. . In duc- 
tility and raalieabilily it is far inferior to gold: 
as it is also the most infusible of metals, it is be- 
come of the most material use to chemists, in 
forming crucibles and other vessels which can 
endure the slrongest heat of a common furnace, 
OS well as the action of all simple acids, without 
"injury. It seems, however, not capable of ahigh 
polish, and its dull white colour will probably 
prevent its use as an orn.imental metal. 

Platinum unites well with iron j and I have 
keard that the Spaniards find it of great import* 
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wicG^ cotnliint^d with itoa, ia the manufacture 
of musket barrels, which it preserves from rust, 
Xfor, like gold, it cannot be oxidized by any otr 
dinary iseans), and at the same time it give* 
tbem additional streugth and tenacity. 

3d. Silver, in beauty, scarcity, and malleabi- 
lity, ranks next to gold. Its uses in the arts and 
in commerce are well known. In medicine and 
chemistry it is of considerable importance. Dis- 
Eolved in nitric acid, it serves the cbemisfas a 
.test to detect the smallest quantity of muriatic 
acid contained in any fluid. — For as it form^ 
with this acid an Insoluble compound, it will 
always occasion in any such fluid a visible tur- 
bidness, and consequent precipitation. The ni- 
trous solution (nitrat of silver) boiled or evapo- 
rated to a solid state, forms lunar causlic. 

A solution of nitrat of silver stains animal 
substances of a deep black. Hence it has been 
applied to alter the colour of red hair. On ac- 
count of its corrosive quality, however, much 
c^ufion must be obierved in this application, and 
particular care taken that the solution shall be 
B,iifficiendy weak- 

The nitrat of silver is decomposed by other 
m^als, which precipitate it from the acid. Thus 
if f little of a solution of the nitrat is applied to 
a bright pl^e of copper, it will become plated 
with silver. 

Upon the same principle the beautiful experi- 
Tpeat called pjana's Ucq is made. If into » 
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bottle containing a solution of nitrat uf Ailrer a 
small tfuantity of mercury is poured, the sil- 
ver will be preci pita led, but as the particles 
have still an attraction for each other, the preci- 
pitation will assume the form of the branchei 
of a tree. 

4th. Mercury is distinguished from every 
other metal, by having so strong an attraction 
- for caloric, that it remains fluid in the ordinary 
temperature of our atmosphere. If onr climate 
was cold enough, it would become solid like the 
rest of the metals. It has, indeed, been some- 
times frozen by natural cold in the very north- 
ern regions; hut, in general, a powerful freezing 
mixture is employed to render it solid. The 
temperature necessary for this effect is seventy- 
two degrees below the freezing point. In ibis 
state mercury appears to be a very malleable and 
ductile metal, of a lustre nearly allied to thai of 
Wock tin. 

Independently of its uses in the arts, mercury 
forms the basis of some of our most valuable 
medicines, such as corrosive sublimate, and ca- 
lomel, which are muriats of mercury, or mer- 
cury combined with muriatic acid. 

Of the simple couibul^libles, mercury only 
combines with phosphorus and sulphur. The 
beautiful pigment cinnabar, or vermilion, is 
mercury combined, by means of beat, with a 
small quantity of sulphur. Cinnabar is also 
ibi)in<l native, indeed tnay be regarded as an ore 
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nF mercury, but it is not so pure as the factitious, 
or that formed by art. They are both dbviously 
sulphurets of mercury. 

Mercury dissolves gold, silver, tin, ,aiid many 
of the metals, consequently combineswith them. 
If the otbet metal is in sufficient quantity, the 
mercury loses its fluidity, and both united become 
what is called an amalgam, about the consist- 
ence of buitec. Thus, the silvering of looking- 
glasses is an amalgam uf tin and mercury — a 
quantity of tin-full is laid over the glass, and 
fluid mercury poured upon it. The metals are 
• made to unite by being pressed together by 
weights. A solid amalgam of lead, and another 
of bismuth, will liecome fluid by only being 
mixed together. 

5lh. Copper seems to have been known' the 
earliest of all the nsetata, except gold and silver. 
Utensils and weapons were made of it before tlie 
method of working iron was discovered. It 
ukes its name from the island of Cyprus, where 
it was 6rst wrought. It has a disagreeable smell 
and taste, and is highly malleable, ductile, and 
tMiacious. In a strong heat it eniits. fumes, 
and even burns with a green flame of great bril- 
liancy. 

Copper is of essentia! use in the arts, both in 

its metallic state, and with respect to the salts 

which are formed from it, such as vefdigrise, 

. which is an acetat of copper, or copper united 
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with acetic acid, and blue vitriol, which is a sul- 
phal of copper. 

Copper combines with niost of the metals* 
and its alloys * are impbrlant. The gold coin of 
most coiinirics is alloyed with copper, according 
to a standard established by law, which is done to 
render the precious metal harder and more du- 
rable. Its alloys with tin will be afterv^ards no- 
ticed. Combined with zinc in the proportion 
of three parts of copper, by weight, to one of 
zinc, it forms that beautiful compound brass, 
which, by the addition of other metals, or by 
varying the proportions,' may be made of vari- 
ous colours, from that of pinchbeck to the ligbt- 
ebt coloured brass. 

6lh. lion, the most useful of metals, is hap- 
pily the most abundant, and the most friendly 
to the human constilution. The working of it, 
unlike that of lead, copper, &c., is perfectly 
consistent wiih health. Iron was known before 
the time of Moses. It has a peculiar taste and 
enietl, and is the toughest of metals, hut is less 
malleable than either gold or silver, or even 
cop|ier. Its hardness in the state of steel, 
which is iron combined with carbon, is well 
known. 

• Alloysaremiiluceiofmrlals; the baser metal, and of which 
tl-trt- is Itast in quantity, is called ihe alloy. Allop difTer from 
p.malsains in this, that the former are hard, the latter soft. 
Hence amalgams can oaly be mide wiib mcrcur;. 
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The ores of iron are oxides of ihat metal ge- 
nerally mixed with earth. The metal is sepa- 
rated by fusion with charcoal. In its fluid state 
it it) run into moulds, and is then called pig or 
cast iron. As this metal, however, has a strong 
attraction for carbon, it is not so pure after 
fusion as other metals. Cast iron, indeed, con- 
tains a large quantity of carbon, imbibed from 
the charcoal, vith which it is fused, as well as 
other impnrities. To expel these, the pig iron 
is again heated red-hot, and beaten with immense 
hammers, wrought by niachineiy. This pro- 
cess is necessary to render it malleable, and it is 
tiius wrought into bars. 

Steel is iron combined with a less portion of 
earbon than cast iron, about one-sixtielH part of 
its weight. Il may of course be prepared from 
cast iron, by expelling part of the carbon by heat. 
It is then called natural steel, but is less pure 
tlian what is called steel of cemenlalum. This 
process consists in laying bars 'of pure iron t^e- 
tween strata of powdered charcoal ; and heating 
them in u dose furnace for eight or ten days. 
This is a\so ca]kd ilisiered, or common steel; 
^hat is called cast steel contains a still larger 
proportion of carbon obtained by heating blis- 
tered steel with chalk. 

Thus iron is capable of combining with dif- 
ferent portions of carbon. When the carbon pre- 
dominates, the compound is carburet of iron, 
plumbago, or black-lead. When the iron exceeds^ 
M S 
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the compound is ca&l iron or steel, in its various 
stales, which may be called subcarburet of iron. 

Iron combints with the aeids. Sutphat of 
iron (iron wiih sulphuric acid) is well known by , 
the dyers, as striking a black dye with infusion 
- of galls, U.C.; it is comnioiily called greeo vitriol, 
or copperas. Common ink ts made by means 
of this compomid of infusion of galls and 
Copperas, with a small portion of .gum to keep 
the colouring matter fuspeuded. 

With the prussic acid iron forms that beauti- 
ful compound prusslsn blue, as stated in a former 
lecture* 

7th. Tin is also a metal that has been long 
known. The Phocniciaas procured it from 
England, and front Spain. It is very malleable, 
bn( in ductility end tenacity it is inferior to any 
of the metals liitherio described. 

Its combinations with the combustibles and 
acids are scarcely deserving of notice. Its com- 
binations with the metals are of more import- 
ance. Cannons are made of an alloy of copper 
and tin ; and bronze, bell-uictai, and the reflects 
ing mirrors of telescopes arc all formed by dif- 
furent proportions of the same metals. Copper 
vessels are often tinned, that is, covered within- 
side with a thin plate of tin to prevent their oxt- 
diaing; all that is necessary is to clean the cop- 
per well (forlin will not unite with the oxide of 
coppej) and this is generally done by applying 
sal ammoniac to the ftL)iface> The copper is 
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then htatetl, am! a piece of tin gently rubbed 
over its surface, whith at once assume* a silvery 
ap|H-arance. Tin-i>laie, the material of tin 
saucepans, Stc, is made by dipping thin plalea 
of iron, well cleansed, inlo meUed Ciu. The tin 
in this case not only covers the iron, but pene- 
trates it completely. 

8th. I^itd is ahnost as generally in use as iron. 
It is one of the heaviest and most tenacious of 
metals. It uicJts easily, and becomes oxidized 
on its surface by the air. This oxide, when 
kept stirred in the flame of a furnace, is convert- 
ed into red lead. Dissolved in vinegar, this me- 
tal forms acctat or sugar of lead, a dreadful poi- 
son, sometimes, however, -used by the dealers in 
liquors to recover them when sour. 

White lead; or cerusse, is formed by exposing 
plates of lead to the vapours of vinegar, which 
corrode ihe surface. The while lead thus forn)- 
td is scraped off, and afterwards ground and 
washed, to be used as a paint. ITiis manufac- 
ture proves fatal to the workmen in about ihne 
years, and ought only to be carried -on by con- 
demned criminals. 

yih and 10th. Of Nickel nothing is to be 
gaid deserving your attention. The oxides of 
zhic are used in surgery, particularly in com- 
plaints of the eyes, or rather of the eyelids, 
and in that well known plaster Turner's cerate. 
When zinc is healed to a strong red heat in 
an open vessel, it burns with a bright flame^ 
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and at the same time emits very light white 
flakes, which were formerly called lana philo- 
sapkica, OTjlowers of zinc. They are merely an 
oxide of the metal. 

It has been already mentioned that an alloy of 
zinc with copper forms all the difierent varieties 
of brass, pinchbeck, Sec. 
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LECTURE XXXIII. 
CHEMISTRY. 



WATEE, AND MINERAL WATEHS. 

oOMH of the aiilient philosophers supposed that 
all things were originally ilerlvtd from water. 
To form this judgment they must have taken no 
cursory view of the operations of nature. We 
see how it produces dews, clouds, rain, snow, 
and other meteors J and we cannot help observing 
how everj- vegetable, every antmal, in a man- 
ner, seems to rise out of it, and be nourished 
iiy it. 

Modern philosophy, however, which has in- 
troduced us to a new world of wonders, while it 
lessens those of the anlient world, has Ehewu 
that water itself, I mean the purest water, ia 
really a compound substance. If into a glass 
receiver, or other close vessel, reversed in a 
qiifmtity of quicksilver, we put about three parts 
of oxygen gas, and one part of hydrogen gas, and 
cause an electric spark to pass through them 
{for additional caloric is necessary to promote 
their union), we shall see the two gasses inflame, 
the mercury wilt rise in the receiver, proving 
that the gasses are condensed, and pure water 
will be formed. This water -may again be dc- 
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composed by bringing it in contact with any 
heated combustible substance, as in making it 
pass through a gun-barrel heated rect-hc^t, when 
the oxygen will be abstracted by the combusti- 
ble or uxidizable matter (the iron), and the hy- 
drogen comes off in the form of hydrogen gas. 
Water is indeed formed wherever there is a conj- 
bnstron of any maiter containing hydrogen, as 
may be seen by fixing a glass i-eceiver, of a globu- 
lar form, over one of Ai^and's lamps, which in 
a little lime will be filled with water. ThuSj 
liite roost other mailers on the surface of the 

, globe, water is conliimally changing itj nature. 
■ While waier wa? considered as a pure ele- 
mentary substance, some were of opinion that 
the sea was continually (iiminishing, so tliat the 
parts which are now covered with it would in 
time be dry land. A number of proofe have 
beeo offered in support of this opinion; but 
those in the Swedish Memoirs, concerning the 
Baliic Sea, are most curious. We are told that 
a number of rocks, well kijown, have, in the 
memory of many persons now living, become 
jnore prominent above the surface of the sea. 
Solid rocks are ihe best proof of any opinion of 
this kind, for land might be washed a^way, or 
have additions made to it; but a. solid rock, 
which is composed of malerials not so liable to 

, decay, must necessarily show if the surface of 
the sea is lower. 
Tberewerechenaicalexperimenlsinsututedatihe 
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same time to account for the siippblied'gfaduS! 
diminutionofthewatcr of these*. VaiiHelmonl 
hinted that water by repeated distil I ation might 
be converted whoHy into earth. Mr. Boylfe' rc^ 
peated the distiltfttimt of the same walef fif^ 
times in the clearest glass vessels, and obtained 
at each distillation a quantity of earth. He say's! 
a friend of his obtained at least (hrte-fourihs of 
an ounce of eartli from one ounce of water. 
Boerbaave suggested Aiany doubts and suspi- 
cions, and endeavoured to invalidate the credit 
of these experiments. He says they were not 
performed with accuracy, that waier was entirefy 
a- pure substance, but that it was capable of 
heing rendered impure by a variety of mixtufes, 
especially of air, which he says is a chads ; sd 
that if any other bodies were found in water, it 
was only accidental : herice he supposes, and 
with justice, that the earlh in these experiments 
proceeded either from dust in the air coniainefl 
within the distilling vessels, or from some other 
cause which introduced it previous to the experi- 
ments. Thi-st experiments, therefore, only 
serve to show the imperfection of al! chemical 
analysts, 

Tboilgh water cannot be reearded as a simplt 
elementary substance, yet there are,not diRereut 
sorts of pure water ; for water obtained in any 
manner whatever, cither attracted from the ail*, 
by defiquescent salts, or from salts themselver, 
from oils, from animal or v^etsWe matterf," is 

M3 
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■till tbe tame when rendered pure by chemical 
means. It is undoubtedly of consequence to 
consid^ by wbat means water may be altered 
froni its purity ; but it is not difficult to obtain 
it in that state in which the most jigid experi- 
ment will find no adoiisture. Distil two-thirds 
of inodorous, insipid, clear stream, rain, or snow 
water, in glass vessels, to one-fourth, and the 
water will be perfectly pure. This operation is 
always necessary when water is to he used in 
accurate experinients, for no natural water is 
perfectly pure. Rain wattr is, indeed, much of 
ihe same purity, when collected in clean vessels 
at a distance from towns, and answers equally 
well in experiments with distilled water; it is, in 
fact, water distilled by nature. Those springs 
which flow from high and rocky grounds, where 
we can discover no mineral or metallic sub- 
stance, are the next in purity to rain water; they 
are rain water collected on the hills, and filtered 
through ground, in which there are no soluble 
materials: bvit this is seldom the case, for most 
soils contain lime, &c., but in so small a quan- 
tity, that these spring waters are often as usefiil 
as the purest. The water of rivers and lakes is 
never so pure ; indeed^ it has often a sensible 
la^te and smell. 

But, besides the waters of rivers, which usuaN 
ly derive their impurities from a mixture of 
animal and vegetable subsiances, there are other 
waters, even issuing from springs, which baye a 
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peculiar taste and amell. When these proper- 
ties are to such an excess that the waters cannot 
be applied to domestic purposes, they are distin- 
guished by the name of mmerttl waters. 

■ The substances usually found in these waters 
are about thirty-eight in number, and may be 
reduced to the four following heads: — 1, Air; 
S, Acids ; 3, Alkalies ; 4, Neulral salts. 

I. Atmospheric air is often contained in wa- 
ters, but its proportion is seldom above one- 
twenty-eighth part. Oxygen gas is also found ia 
inconsiderable quantities, as well as nitrogen gas. 

II. Acids. — Of these carbonic acid is the most 
common ingredient, and gives briskness to the 
water, like ihal of a fermenting liquor; this brisk- 
ness appears moat when the water ia poured from 
one vessel into another; itisfJDmetimes, however, 
so cotisiderible as to burst a corked bottle. This 
acid, in the form of gas, is sometimes enipluyed 
to give other wines a resemblance to Champaign. 
It is extremely volatile, and soon files off; forj if 
we expose the water containing it to the air, it 
loses its briskness : wc can promote its si'para- 
tion.by.shaking the vessel ; when the cork fre- 
quently 6ics out with an explosion. An artili- 
eial water of this sort may be produced at any 
time." 

S. Sulphurous acid has been observed in se- 
veral of the hot mineral waters in Italy, in the 
oeigbbourhood of volcanoes. Sulphurated hy- 
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drf^n gas is, however, the chief ingredient ia 
those waters which are called siilphareoas. 

3, Theboracic acidhss been observed in some 
lakes in Italy, 

rir. An olkatine salt is sometimes met with 
in wjrter. This is generftlly soda. Someexpe- 
iiments of Margraff ujion waters of pulictilar 
wells seem, indeed, to shew that lh?y contain 
(iota«, either separate or combined. Some 
writers mention a volatile alkali in mineral wa- 
ters. It is true, 'that whenever a union of nitro- 
gen with hydrogen can be effecterl, volatile al- 
kali may be product^, but from the volatile na- 
ture of the compound the phenomenon miut be 
■xtrennely rare. 

IV. Neutral salts. 
. 1. The sulphats are frequently found in mi- 
neral waters, especially sutphat of soda, and stilk 
more commonly, siilphat of limeand magnesia. 
The latter, formerly known by the name of Ep- 
som salt, is almost always an ingredient in those 
waters which have purgative qnalities ; in truth, 
jits old name was derived from its being so abun- 
dant in the mineral springs near Epsom. Siil- 
phat of amnrronia is found in the neighbourhood 
of volcanoes. Alum is a rare ingredient; bsL- 
j^iat of iron is not very common ; and sulphat of 
topper is only found in waters which issue from 
cop per- mines. 
2. Nitre is very uncommon? and, indeed^ Sl^ 
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are all.thenitrats; xbat of lime bxt been found 
in some springs in Ard>ia, and that of magnesia 
in «ome others. 

3. The muriftts are more general ingredients.' 
Incleed, hardly a spring has been analysed in 
wKich muriat of soda, ' or common salt, has not 
been found. Mariat of potass is less commou^ 
and sty are the muriats of ammonia, barytei^ 
alumina, and manganese. Muriais of time asid 
magnesia are common ingredients. 

4, The carbonats are very general in mineral 
waters, those of soda, and of hme tn particular] 

■ the latter in generally held in solutioH by an ex- 
cess of acid. Carbonat of inaguesia ia also very 
common, and generally aocotnpanicd by car- 
bonat of lime. Carbonat of iron is the common 
mgredient in (hose waters which, ate called cha- 
lybeate. 

In examining any mimerai. waters, tfor 
Srst object of attention is to have the water a* 
fresh 38 possible, assoioe of the parts are very 
•olatile, and fly off iu a short time; a great 
kumberof iriaJs are therefore ^o be' made on the 
spot. We must next rtotii:e the soil, situation, 
and nature of the country in the neighbourtwo(( 
»f these springs, whether it is hilly or flat, whe- 
t^ier the hills are rocky, what sort of Htone they 
eontain, and whether there are ady mineral ap- 
pearances in the neighbourhood ; for it common- 
ly happens that a spring of this kind takes it» 
nse fronv the bottom of a miaaral veio. Another 
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circumstaQce to be attended to is, the degree of 
beat of the water, which must be ascertained by 
a good thermometer. There are many springs 
that have a temperature of heat a litttc above the 
middle temperature of tbe atmosphere; this 
shoukl be attemJcd to, though they may not 
Seem to derive any particular qualities from that 
euperioritf of heat. The middle temperature of 
these springs is found to be about forty-eight ; ■ 
they vary, however, in this respect according to 
their height, as the temperature of hills and 
mountains is fouud to differ according to their 
elevation above the sea. The (CRi|>i;r3:urc of 
these waters in high lands is loner than in the 
less elevated. The degree of heat in the last is 
from forty-eight to Hfly; of those that are higheF 
it is not so much. It may also be proper to com- 
pare the temptraiiire of these mineral springs 
with that of some common sprit^in the neigh- 
bouibood. , . ' 

■ The gaseous matters are separated from watc^ 
by boiling it in a' retort, communicating by a 
glass tube with a receiver immersed in a tub of 
laercnry. Tbe moat common of these is car- 
bonic acid gas. Mr. CHveodisb has shewn that 
water dissolves a quanlity of it equal to itself in 
bulk ; but this is soon expelled from it again if 
the water is agitated. Those who have not a 
pneumatic apparatus, as it is called, that is, a 
tub or trough of quicksilver, with tubes and re-, 
eciversj Scc.> may detciioine how much of.. this. 
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gafi any water contains by the following me- 
thod. 

Let the water be taken at the spring-head, and 
put into a quart bottle, over which a bladder is 
to be tied, or, what ia better, the bladder should 
be placed near the bottle. In the mouth of the 
bladder one end of a tube, must be inserted, 
and the other end fixed in the cork of the bottle, 
so as to be even with the bottom of the cork ; 
throi^h this tube the air is to be conveyed, the 
bottle is then to be immersed in a vessel con- 
taining water, which is gradually made to boil, 
but not so as to boil the mineral water. By this 
heat the air will be expelled out of the water into 
the bladder, the bladder is then to be immersed 
in cokl water in a graduated vessel ; into this 
water the. air of the bladder must be squeezed. 
By the degree to which the water rises we may 
dttermiue the quantity in bulk that the ai^ 
amounts to. But if we would know whether 
this air is common air or carbonic, we must re- 
peat the experiment with another bottle, and ap- 
ply the tube to a caustic alkaline lye; itie tube 
must then have a funnel fixed to its end, that 
the air may be applied more extensively to the 
lye, and be sooner ahsorbed by it; in a short 
time all the carbonic acid gas will be absorbed, 
and the caustic lye will leave only tlie commod 
air. This effect is easily explained on Jhe prin- 
ciples which you have already learned. Every 
alkali in its pure state is caustic. It is neu- 
tralized by the accession of carbonic acid, for 
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which it has a great attraction. The lye is only' 
the alkali dissolved in water. Thus we' may 
)eam the proportion of common air and of car- 
bonic acid gM contained in any water wh^ftever. 

Carbonic acid, when uncombined in atiy wa- 
ter, will turn the infusion of litmtis red. The 
redness will gradually disappear, but may be re- 
stored by adding more of the mineral water. 

Some donbtK have been entertained whether 
the sulphuric acid is ever fomvd in a pwrfectly 
tcpamte stale in mineral waters, for the waters 
called acidulated derive their pungency chiefly 
from carbonic acid. One reason tliat these wa- 
ters seldom contain this acid is, that it cannot 
rwn far without meeting with some snhstance 
with which it will combine. The only manner 
in which we can imagine the sulphuric acid can- 
be present in mineral waters m, by the decom- 
^ition of the pyrites, which mehs-into a very 
acid liquor, containing sulpbat of iron, with 
more acid than ie iwceSsary for constituting a^ 
true sulphat: a part of this will probably be se- 
parated and mixed as an unsaturated acid in 
mineral waters; but Still it will be more or Icss- 
iccompanied with iron or alum. 

Sulphuric acid exists in waters which fbmr. 
precipitates with the follewing salitte solutions ; 
Mariat, nitrai, or aeetat of barytes. 
Do. — — 8tronlian». 

Do. ■ — — lime, 

Nilrat or aeetat of lead. 
©f these the raost powerful tcM is muriatof ba*^ 
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rytes. Acetat of lead 13 the nest powerful. 
Bergman observes, that paper stained with lil- 
mus is reddened when dipped into water con- 
taining ^-jij-^th part of sulphuric acid. 

Su^>hur is, howewr, a« I observed, sometimes 
contained in a volatile or gaseous state. In this 
it will be sufficiently known by its pungent and 
suffocating stnell, which is liice that of burning 
sulphur. Sulphurated hydrogen gas is the 
most common form which sulphur assumci 
in mineral waters. It reddenS the linctura 
of Uimtis} but the most certain testa are* 
that it blackens paper dipped m a solution of 
lead, and precipitates (he nitrat of silver black or 
brown. . 

.Any acid in a fixed state, and in any quan- 
tity!, if mixed with a mineral water, may be 
discovered by its sour taste, by the infusion of, 
violietB, or by an infusion of litoias. . This is thtt 
most delicate test ; but it has so much sensi- 
bUity to acids, that it may perhaps be affected 
by them in a state of combination. This and 
the syrup of violets may either he used in a li- 
quid form, or by being rubbed on paper and 
dried. Pieces of paper arc indeed th6 best, aft 
we can compare what is dipped in the water 
with what is left dry. Alum, however, changes 
the colour of the infusion of litmus as well as an 
acid. The infusion is a deep purple; btit if 
alum is added, it immediately turns red. But 
alum does cot change the in^ioti of violets t 
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and as no substance retain!) its acid more loosely 
than alum, we may conclude that if any water 
turns the infusion of violets red, it certainly 
contains an acid of which the most minnie 
quantity tinges the infusion. 

Alkaline salts are seldom found in a separate 
state, but often in a state of combinatioii with 
the muriatic acid. To diacmer thera in iheit 
unsaturated state, we may use the syrup of vio- 
lets, which is still more delicate with regard to 
alkalies than acids. A very small quantity of 
alkali turns it green. If we use the syrup of 
violets, we mutt take care that it contains no 
acidity, which may he prevented by adding 
minute quantities of alkaline salts as long as th« 
syrup will bear it without changing to a green ; 
but the infusion of dry violets, or paper stained 
with them, answers best. 

The infiuioa of turmeric, or paper stained 
with turmeric, is also rendered brown by alkalies, 
or reddish-browD if the qaamity ia minute. 
Paper stained with Brazil wood is rendered blue, 
but this is also effected by the -alkaline and 
edrthy carhonau. When the changes are only 
temporary, it is generally concluded that the al- 
kali is ammonia. 

Mineral waters sometimes contain a fixed, and 
sometimes a volatile alkali. To determine which 
of the two any particular water contains, we may 
odd to the water a small quantity of muriat of 
mcrcur)-, which is precipitated by the fixed al- 
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kali in a reddish-brown powder, but is precipi- 
tated by ihe'voJatile alkali in a while powder, 
the volatile alkali not possessing the power of 
taking away the whole of the acid from the 
mercury. The. fixed alkali requires some time 
to precipitate the mercury. 

Copper, or the calx of copper^ is another cri- 
terion of the presence of the volatile alkali, 
which produces with it a blue solution ; but (his 
does not answer if the quantity of alkali is ex- 
ceedingly small. Verdigris added alone does 
not tinge water, but falls to the bottom in a 
aubtile powder; yet if the water contains any 
quantity of volatile alkali, it dissolves the verdi- 
griS] and tinges the water a beautiful blue colour. 

There are some solutions of lime which con- 
tain the muriatic acid, as the liquid shell which 
is made by adding to oyster-shells one-half their 
weight of muriat of ammonia, and then exposing 
them in a crucible to a strong heat. This forms 
the fixed ammonia, the muriatic acid joining 
with the lime, but uniting with more than it 
can retain in solution: therefore, when dissolved, 
it parts with, some quick-lime, which gives the 
water the properties of lime-water; and it is no 
wonder if it gives a green to the syrup of violets. 
No other solution- has this effect. 

We cannot conceive any earth to be contain* 
ed'ia any water in a separate state, unless it is 
suspended id the form of quick- lime. A nice 
test of tbis is the solution of lead in the nitric 
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acid, which, when used for this purpose, mu^t 
be saturat(;d with as tnticb lead as it can possibly 
dissolve. On adding this, the water, it" it con- 
tains lime, is immediately turned muddy. IF, 
upon examining any water, we dud by the syrup 
of violets that it does not conuin an alkaline 
salt in its separate state, and yet tind that the 
.lead is precipitated, we have reason to conclude 
that the precipitation is occasioned in a great 
measure by lime. It is hardly possible lo deter- 
mine the quantity of this substance; and it is best 
to trtist to the examination of ihe matter that re- 
toains after the evaporation of a large qnantityof 
water. 

Bitumea is always discernible in water, by iu 
appearance, smell, and taste. There is a1«o an- 
other way of judging of it; it has little or no so- 
lubility in water, but floats on its surface: if 
any part of it is dissolved, it may be separated 
by evaporation. 

Besides these trials^ by which several of these 
■uhslances may be discerned in their iieparale 
state, we have many experiments by which we 
can discover them when combined with other 
bodies. None of the mctaJs arc contained in 
water in a separate stale; but alkalies, earths, 
and metals are contained in water in a stale of 
combination, chi&fly with the sulphuric acid. 
There are experiments for discovering its exist- 
ence and quantity, with whatever body it is 
joined. The solution of lead in the acetic acid 
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is a true test of ihe aiilphuric acid when com- 
bined with any substance } the solution, instead 
of being saturated with the lead, mivst have a 
little redundant acid. The reason is plain, foe 
then the lead will not be precipitated by lime or 
alkalies, fur the acid will saturate them, and 
prevent its precipitation ; but at the same time 
doea not hinder the action of thejead if there is 
a sulphuric acid in the water; for they alwaya 
unite, and form a compound incapable of solu- 
tion in water, and which therefore renders the 
mixture' muddy, and aftenvards precipitates. 
All experiments of this kmd should be allowed 
to rest at least twenty-four hours. 

The solution of lead in the nitrous acid docs 
not disturb the transparency of pure water j nor 
will its transparency be disturbed by common 
salt, or a little of the muriatic acid in Jts sepa- 
rate state. Ordinary common salt may render 
the experiment fallacious, as it contains sulphat 
of magnesia ; but if we add the least quantity of 
sulphuric acid, or any of its compound!!, the 
liquor becomes muddy; when this muddiness 
appears, we must add a small quantity of the 
nitric acid, to try if the muddiness will disap- 
pear — for an alkali may have precipitated the 
lead — but then it will be in the form of an oxide, 
the nitric acid will re-dissolve it, and thus the 
Diuddiiiess disappear. If by this and other 
jrials we have learned that the water does not 
contain an alkali, and a muddiness takes place, 
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we may be certain that the lead is precipitated 
by sulphuric acid. A combination of the nitric 
acid in water caanot be discovered, except by 
exaniining the remainder of the water after a 
gentle evaporation and crystallization. From 
the experinients of those who have examined 
waters of this kind, it is always found to be con- 
tained in the state of nitre, which may be known 
by its crystals j but we must never conclude a 
salt to be nitre, unless it deflagrates with com- 
bustible substances. If evaporation shews that 
the nitric acid is united with an earth, it will be 
proper to add pure alkali, which will iatm 
a nilre that may be separated by crystallization. 
The alkali used should be potass, as none else 
can be depended lipon. The lixcd alkali is said 
to be often combineil with the sulphuric, nitric, 
and muriatic acids. We know that it is often 
in a slate of combination with the muriatic, and 
sometimes with the nitric acid; but its com- 
binations with the sulphuric are more doubtful. 
The experiments which have been" supposed to 
prove the presence of sulphat of soda in mineral 
waters, have in reality proved the presence of 
sulphat of magnesia ; but the only way of disco- 
vering the alkali is by evaporation and crystal- 
lization. \i'i indeed, other experiments shew 
that this is neither saturated with an earth nor a 
metal, we must conclude it to be saturated with 
air alkali; but evaporation is the best method, as 
it will shew whether the alkali is fixed or vola- 
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tile J for, by nlixing quick-lime wrth the resi- 
duum, it will separate the volatile alkali in a 
caustic slate.' 

The muriatic acid is easily discoverable by 
mixture ; we have in the nitral of silver as nice 
a test of this acid, as we have of the sulphuric 
in the solution of lead. For this purpose it is 
necessary that the nitrat of silver should contain 
a little redundant acid, for if it is quite saturated, 
it may be precipitated by an alkali or an earth ; 
but if there is a little more nitric acid than is 
necessary to dissolve the silver, nothing will 
precipitate it but the inunalic acid, and it is sure 
to do it in whatever state it la contained in the 
mineral water. The nitrat of silver has been 
mentioned as a test of the presence of the sul- 
phuric acid; hut I am convinced that it is not 
affected by a small quantity' of this acid, unless 
it is united with the muriatic; for the suljihuric 
acid composes with the silverasalt capable of 
solution in water, whereas the compound with 
the muriatic acid is totally incapable of solution. 
Earths are most commonly combined with the 
snlphuric acid in a selenitic compound, which 
in some measure is soluble in water. The pro- 
per method of discovering lime, magnesia, or 
the earth of alum, in water, is the addition of a 
carbonated alkali, which with the assistance of 
heat precipitates the earth. Without heat we 
are not certain of separating- the acid, and the 
mixture must be kept warm for some time, or 
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else the earth will be re-distolved. If a consi- 
derable quantity of earth is obtained by precipi- ' 
tation, it will be easy tu learn of wbat sort it is, 
by allowing it to settle in a tall vessel, pouring 
off the water, and then adding (o it the sulphuric 
acid. If it is lime, it will effervesce, and form 
an insoluble gypsum, or selenitic compound. 
If it is magnesia, it will effervesce, and unite 
with the acid iuto sulphat of magnesia, which 
we may know by its dissolving in the sulphuric 
acid, and its bitter taste. If it is alumina, it 
will effervesce, and unite with the acid into an 
astringent and sweetish solution, in fact, into 
alum. 

Sulphur must be combined with an alkali or 
calcareous earth to keep it dissolved in water: 
when combined with flxed alkali, or quick-hme, 
it is easily separable by an acid j for the sulphur, 
being suspended by the alkali", subsides when 
the acid uniles tu the alkali. Many sulphureous 
walers Eire either muddy at lirst, or very soon be- 
come BO. 

Metallic substances arc very common in mi- 
neral waters in a slate of combinaiion with acids. 
Macquer has given an experiment to discover 
this; he found tliat the prussiat of potass, or 
pnissiao alkali, as it has been called, if satur&ted 
wiih the matter it receives in its operation, has 
no attraction for acidsj -and consequently pro- 
duces no disturbance in a solution of lime aod 
ficidjitis only the solutions of metais which arc* 
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precipitated by it, and it acts upon those, because 
tbe mctaU have a strong attraction for thit tul>>- 
•tance which the PriiMian alkali contuos; *t 
th« Bune tine th« «cid acts upon tbe «Uwli« and 
pnitluces a double exchange: and thui Itw 
metal is precipitated. If iron, it » prcciptiat^ 
in a Prussian blue. If tbe Prussian alkali U - 
ptodvQcd by calcinatioa with blood, it will be 
very difiicuU to satunte it eutirely; and if 
■ any part is no^ saturated, it will precipitAft 4 
calcareous earth. Tbe cnly way of saturating it 
entirely is by digesting it in Prussian blue already 
prepared, which tinges it yellow. The metallic 
substances found in mineral waters are seldom 
any other than iron or copper, and we may at 
once discover their precipitates by their colour. 
When we desire to know more certainly if iron 
is contained in water, and also the quantity of it, 
we may use solution of galls, which are the most 
exquisite test of the minutest quantity of inoru 
Copper may be discovered by the addition of a 
"Volatile alkali, which produces a blu^ colour, by 
first precipitating ihi; copper, and then re-dis- 
solving it ; though the I'russian alkali answers ' 
better. The presence of copper, too, may be 
discovered by throwing iii(o the water a piece of 
very bright iron; very soon after (especially \{ ' 
the liquor is warm) tbe copper is deposited ou . 
the surface of the iron; hut this seldom happen!, 
unless there is a considerable quantity of copper; 
which is rarely the case in mineral waters. 2inc 
VOL. II, N ' 
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is precipiuted while by the Prussian alkali ; but 
as the precipitate from many other metala is of 
the same colour, we must have recourse to eva-> 
poration to dryness, and then examine the resi-> 
duum. If it is zinc> it will convert a small plate 
of copper into brass. If arsenic is supposed to 
be contained in mineral waters, we muEt evapo- 
rate them to dryness, and judge by the smell 
when the residuum is made red-hot, or by trying 
if it tinges copper white. , 
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LECTURE XXXIV. 

CHEMISTRY. 



veOETAble akd animal substances. 

\Phb simple Rubstances which enter into tlie 
compoflition of vegetable bodies are very few. 
As constituent matters, we may confine them to 
caibon, hydrogen, oxygen, and nitrogen ; and 
the latter exists in very small quantities. In 
anioial bodies the list may be increased, as 
phosphorus and lime enier in considerable' quan- 
tities,, at least into the composition of the solid 
parts, as the bones. Sec, The alkalies also, 
and some of the melaU, are found in animal add 
vegetable bodies, but the latter in too smalt pro- 
portions, and too casually dispersed, to allow ug 
to regard them as constituent parts. 

From these few simple principles, however, a 
diversity o£ compounds are formed. It will 
conduce much to perspicuity to treat separately 
of vegetable and antm^ substances. The phy- 
siology of both is foreign to the object of these 
lectures. Chemistry is cont^med with them 
only when they have ceased to live. It treats 
of the substances of which they are composed, 
and of the changes which these subtunces un- 
dei^o. 

KS 
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Tile following are all the lubstauces which 
hare hitherto been found to exist in vegetables. 



1. Sugar. 


14. Fibrioa. 


■S. Gum. 


] 5. Oils. 


S. JeUy. 


18. W«. 


4. SarcocoU. 


17. Reains. 


5. Tan. 


IB. Camphor. 


0. Bitter principle. 


19. Caoutchouc. 



7. Nftrcotic principle. SO. Sandarach. 

8. A^s. 91. Gum resins. 

9. Starch. IS. Wood. 

10. Indigo. S3. Suher, or Cork. 

11. Extractive principle. S4. Alkalies. 
IS. Albumen. S5. Earths. 
13. Gluten. 96. Metals. 

** The three last," Dr. Thomson judiciousty 
remarks, " are' scaj'cely entitled to the name of 
vegetable principles. It is highly probable," be 
adds, *' that they are taken up ready formed, and' 
deposited without alteration in the vegeubles 
which contain them, whereas the other twenty-, 
three genera conHiBt of substances which owe 
thew fwmation to the processes of regemtion." 
Of some of these, however, aa the ackh, oris, 
and resins, we have been under a necessity of 
treating in the preceding Lectured. I shall, 
therefore, not enlarge on them in this, but con- 
tent myBelf wiib a reference to the lecture* 
where they are to be found. 

I. SsEgor^is a substance which is contained 
more or less in most vegetables. Some, bow- 
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•fer, aft iIm sugar-caae and the sugar-n»p(e of 
AtQ«rica, contain it in much larger quantities 
than others, so as u> render the culture of these 
plantd, and the preparatioa of the article from 
theiDj a matter of great commercial importance. 
Sugar ia dccooiposci both by heat and mixture; 
and by the most accurate experiments it is found- 
to be composed entirely of oxygen, carbon, and 
hydrogen. It is therefore a vegetable oxide. 
The proportions^f these matters were found by 
Lavoisier to be . 

64 parts oxygen. 

88 carbon. 
S hydrogen. 

100 
• These proportions must, however, vary con- 
siderably in the sugurt produced from different 
plants, and they must frequently have united 
with them some heterogeneous matters. The 
beet, the carrot, the parsnip, the sap of many 
trees, and all the diflerenl kinds of grain, contain 
sugar in considerable abundance. According to 
the calculations of M. Achard of Berlin, t^venty 
pounds of beet root wiH yield one of sugar, and a 
German square miic of land ' (sixteen squarfe 
mites English) would produce white beet eiiough 
to furnish the Prusfiian dominions with sugar. 

The saccharine matter is so profusely diffused 
in the vegetable kingdom, that we sec the bees 
collect it in large tjuautiltcs from the flowers o£ 
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plants. Honey> bdwever, differs in some Fe> 
;specu from pure sugar j for besides su^r it 
contains mucilage and an acid. The sugar ob- 
tained in the usual way, and from hooey, pro- 
duces, when treated with thenitiic acid,the oxalic 
acidj or acid of sonet, which is compined of 

77 parts oxygeo. 

IS carbon. 

10 hydrogen. 

100 

Thus we see that the mat ingredients «iter 
into the composition of this acid as into that of 
sugar itself, but in different proportiom. In the 
oxalic acid it appears that the oxygen is in suffi- 
cient abundance to give it the acid character. 
This it probably in part obt^s from the nitric 
acid used in the process. 

3. Gum IS a substance too well known to re- 
quire any description. It is produced by several 
fruit-trees, even in this country ; but that which 
is most plentiful in commerce, under the name 
of gum araliic, is the product of a species of mi- 
mosa. 

Gum is found to consist of five ingredients :—. 
oxygen, hydrogCn, carbon, nitrogen, and lime; 
but these may be supposed to vary in differeat 
kmds. The species of gum at present known 
are four: — guniiArabic, gum tragacanth, cherry- 
tree gum, and the mucilage contuned in the 
roots and leaves of several plants. 
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Gum tragacanth is stronger than .gum arduc. 
It contains more of nitrogen and lime^ perhaps 
more oxygen and less carbon. 

Cherry-tree gum, which exudes from most Qf 
our stone-fruit- trees, is very nearly of the same 
qualities as gum arabic It is, however, some' 
what softer, and more easily melted. 

Mucilage is contained in great quantUie« itl 
bulbous roots, and in ihe foliage of ihoae plants 
which have fleshy leaves, such ai the ahhea, 
ttiaira. Sec, The bulbi of the hyacinth conum 
10 much mucilage that ihey may be used at a 
substitute for gum arable. 

S. Jelly \i procured from many fniiti, partU 
cularly from the juice of ripe blackberriu and 
curranO. It must be carefully disttnguiihed 
from the coluuring matter of the fruit, u well as 
th« sugar ] for in a state of purity it is nearly 
colourtesi, though it hat some tatte, whicb it 
rather pleaiant. Dr. Thomson conjectures that 
jelly it merely gtim combined with vegetable 
acid. 

4. SareocoU is contained in many plants, but 
in greatest abundance in a plant which beam 
that name. Liquorice and manna are classed 
tinder ibis head, from resembling sarcocoU in 
taste, and being soluble in the same menstrua. 

i, Tan^ or tannin, has been already noticed, 
and is a very impoTtant part of vegetables, if we 
consider its uses in the arts. Besides the taa 
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oonttined iq oak bark, fb«re are at lent'six 
"other species, - contained in— Pst, Nut-galls;! 
Sd, Catechu, whicb is obtained trom & speciasi 
dEinimoaa; 3*1, Dn^on's blood; 4th, Sunuch; 
5th, Fustic;, 6lh, Kino, an.exudation from the 
bniwivgum tree of Botany- Bay. They all unite 
in the principle of astriugency, and in striking a 
bitclc colomr with sahs of iron. Commna writ- 
ing ink is a connpoiciitioa of gallat of iron and 
Uunat of iron^ 

Pure tan, from nut-gdla, is a brittle subatance 
of a brown colour^ and breaks willi a vLtreon* 
fracture. The njost important property: (£ tan 
is its forming an insoluble compound witk gtVe, 
or gelatine as it is called b^ chemists; The skin 
«f animals coiwsti alaiost entirely of gelatine, 
more or loss hard and compact, according to the 
age a.mi narnre of the animal. With this ^e 
fan iHiites in the i^roceas of making lea^r; so 
tha,t the aim is entirely altered in ita nature by 
the process, and is formed into a third sulksiancc 
by the combination of gelatine and tan. This t» 
a tedious process, the stouter hides re<}uiring 
from eleven to eighteen months, and wmetimea 
two years, before they arc completely tanned. 

6. The biller prineiple is comtDon to many 
plants, such as the quassia, the hop, £cc. It 
has not yet been chemically examined, but ni- 
trat of silver ami aeeiai of lead will precipilaie 
iit from the infiision^i in Ahi^h it is contained., .- 
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7' Tht 'Hareotic principle is abo cotitsmed in 
maay plants ; as the white poppy, wbtch fiir- 
bibIns that wel(-known narcotic drug, opium. 
Jt' founds also in the deadly nightshade, and 
ihefoxgfovej and most of the plants whifch have 
a milky juice contain a portion of it, such as tbg 
garden lettuce, Sec. 

Opium, however, does not consist altogether 
of the narcotic principle. It contains also resin 
and extractive matter. By repeated solution in 
water, and afterwards in alcohol, to take up the 
resin, the narcotic principle may be obtained 
purein the form of white crystals. It is rather 
more powerful than opium } but its bad effects, 
as well as those of opium, may he counteracted 
by swallowing vinegar. 

8. The acidi have been already treated of in the 
lecture on Salts. 

p. Starch is a well known substance. It is; 
usutdly obtained from wheat flour, which con- 
sists entirely of starch and gluten. It is, how- 
ever, a principal constituent in alt kinds of grain, 
and also in the farinaceous roots, as the potatoe, 
the orchis, the sago plant, &c. Barley con' 
siHts almost entirely of starch. " In the process 
of malting,'which is causing the barley to begin 
to vegetate, a great part of the starch is converted 
into sugars During this proces oxygen is ab- 
sorbed, ami carbonic acid gas emitted ; whence 
it is probable tKat- starch is cdnverted into sugar 
H5 
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by^mumfaing its proportioaof cacboo, anflm- 
creasiog that of its hydrogen and oxygen. lis 
distillatioa shows us that it cootains no other 
ingredient than these three*." 

10. Indigo is a matter obtained by ferment*- 
tion from the plant which bears that name; it 
may also be obtained from a plant well known 
in this country .by tbe name .of woatf. It has 
been ascertained by experiment that indigo owes 
its blue colour to. oxygen-^ and its constituent . 
parts are oxyg^, carbon, hydrogen, 'and initio- 
gen ; the two first are in a large proportion. 

11. Extractive principle is found in many 
plants, but very different in kind. Saffron yields 
it. in great abundance. It has a near affinity, 
and perhaps connecUon, with the colouring 
matter. 

13. Allumen, by which term chemists de^ 
note the white of an egg, or something analo- 
gous to it, is found in several plants, particularly 
in the juice of the papaw-tiee of Peru. 

13. Gluten is.an essential part of all farina«. 
ceouR vegetables. It may be obtained from 
.wheat flour in abundance, by kneading it under 
a small jet of water till the fluid carries offal) 
the starch, and runs off colourless. It ha& some 
resemblance fo apimal glue. It contains oxy- 
gen, hydrogen, carbon, and nitrogen. 
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- 14- Filrina is, as well a* albumen, an mmd 
matter, constirutiog th^ fibrous part of the mas- 
cles of animals. A substance rescmbliag it has 
been detected iq the juice of the ]}«paw. 

IS. Of the vegetable oils we have i^ready 
'treated in the lecture on Combustibles. 

' 16. Ifax, though that which is used in com- ' 
'inerce is collected by the bees, is in reality a ve- 
getable substance, and it appears-not to undergo 
any change whatever in its nature or character 
from the industry of those extraordinary animals, 
who merely extract it from the leaves of trees 
and other parts of vegetables. Like the oils, 
to which it bears a near relation, wax consists 
entijrely of hydrogen and carbon. One hundred 
parts of wax contain 

82*26 of carbon. 
17-19 hydrogen. 

100- 

The myrtle wax, which is contained in the 
berries of the myricacerifera of America, in its 
nature and general properties seems perfectly to 
Agree with bees-wax. 

1 7. Of resins I have partly treated in the lec- 
ture on Combustibles, It is well known that 
tiiey exude from trees, particularly the firs. It 
is probable that resin is volanle oil, deprived of 
a portion of its hydrogea, and combined with 
oxygen. 
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10. Camphor has been ah«ady noticed ih'the 
lecture on Combustibles. 

19' CaoKtekmc, or elastic gum, catted also In- 
dian rut>b«T,< is a curious hut well knowiraub* 
ftancejexiractedfromtwolreesof South America, 
the IiEevex and jatropha, and probaliiy from taxat 
' others of the same Gouiitry. It exudes in rhe form 
of a jHiltty juice, which concretes by exposure to 
the ain Its concreting appears, firooi some ex- 
periftaents, to be the fffect of its absorbing oxy- 
gen. Caoutchouc is composed of earlwn, hydro- 
gen, nitrogen, and oxygen ; but the manner in 
which they are coitibined is not known. 

SO. Stmdarach, a resinous substance obtained 
Trom the juniper, is not a pure resin ; for, when 
dissolved in alcohol, an insoluble residuum rer 
mains, which Dr/ Thomson calls sandaracha. 

21. Gum resins differ in many respects from 
resins. They are not so combustible, nor do 
they melt so easily. Their specific gravity is 
greater. They are only partially golul>le in at- 
cohol. They are supposed to consist of gum, or 
an estracti.ve Substance, and a body interutediaie 
belween oil and resin. — Galbanum, seammoiiy, 
gum ammoniac, asafcetida, belong to this class. 

22. The wood of plants, it is well known, 
consists of longitudinal fibres, easily subdivided 
mto still smaller fibres. It is composed of oiy- 
gen, carbon, hydrogen, nitrogen, and lime 

S3. SitUr, or coik, is the bark of a species of 
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the oak. Nitric acid corro(ib»T dtssolvu, ud 
decomposes it, conveftisg it parti)' idM aubenc 
(a peculiar) acid, and pwtly iota & RubMaoce re- 
sembliDg wax. 

24. The only aUo/w foaiul in plants sie . 
pataas and soda. 
- S5. The only earths arc Vtwe, silica, magiutia, 
and aluraioa. Silica exists in niaoy of the 
grasses and equisetums or horse-tails. That ex- 
cellent philosopher Mr. Davy has demonstrated 
that it Forms a part of the epidermis, or outen- 
most bark, of those plants t and that the Dutch 
-rush owes its property of polishing wood entirely 
to this circoni stance. 

36. The most common vmlal in plants is iron, 
and sumetimee mangaaese. 

' Before I conclude this part of my lecture, I ' 
DHist add a. ^w wurdg upon that spontaneom 
change which some vegetable miitlerB undergo, 
and which is called ferment alion. This change 
generallv takes place in those vegetable sub- 
stances which eonlain a quantity of sugar and 
of mocllagc, with a proper quantity of waten, 
and a heat of from 60" to 70°. It is called the 
viTKus termentation, because in this way vinous 
Suids, inc'iiding beer and cider, are prepared. 

The old cbemislB established three stages of 
fermentation, ihe Ttnous, the acetous, and ihe 
putrefactive, though in reality they are three 
different processes. 
' The phaxkomHia atteoding the viivws ier- 
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mentation are— Ist, An iDtestine motion or 
agituiotiin the fluid; sdly. The fluid become* 
Ihick and muddy ; sdly, The temperature in- 
creases j 4thly, Carbonic acid gas is evoheA, 
-and hangs over the fermentingliquor; 5thly,The 
fermentation ceases, the thick part rises to the 
top, or sinks to the bottom, and the liquor is 
entirely changed. It has lost its saccbarine 
taste, its specific gravity is diminished. It is 
found to contain a quantity of alcohol, which 
may be separated from it by distillation. 

To explain these phenomena, it must be it- 
membered that alcohol, which is the easea- 
tial part of eyery vinous fluid, consists of the 
same ingredients m sugar, only combined in 
different proportions. Alcohol contains moie 
hydrogen, and less carbon and oxygen. In the 
process of fermentation, therefore, a consider- 
able part of the oxygen and carbon contained ia 
the fermenting fluid combine, and go 08" in the 
form of carbonic acid gas ; and the quantities oi 
these being lessened, while the whole of the hy- 
drogen is left behind, the nature of the fluid is 
necessarily changed.' 

In the aceious fermentation the process is still 
more simple than in the vincMis. It is wdl 
known that when any vinous fluid is exposed to 
-the atmoBpherCj e!]Kcially when acted upon by 
the sun's rays so as to raise its temperature, it is 
converted into vinegar. This entirely results 
from the absorption of oxygen from the atmo- 
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JBphere, by receiving a proper dose of whkb tb? 
£uid becomes acetic acid. 

PutrefactioD is a process more cnDOiMi to 
animal than to vegetable substanceij but it aiso • 
frequently takes place in the latter. As, how- 
ever, ammonia is the general product of tbe pu- 
trefactive process, it is evident Uut all vegetable 
matter which undergoes it must contun nitrogen. 
The process of putrefaction is not so well under* 
stood as the vinous and acetous fermentations. 
It is, in fact, tbe entire dissolution of the whole 
body, in which new products are formed ; but tbe 
principal circumstance seems to be that of the 
hydrogen and nitrogen combining together to 
form ammonia, without which no putrefactive 
process ever seems to take place. 

Animal Sulstances. 
Tbe elementary principles of animal bodie? 
seem to be much tbe same as those of vegeta- 
bles. Thti compounds are less numerous. I'he 
substances usually fouod in the animal kingdoq) 
are as follows : 



1. Gelatine. 


8. Resius. 


S. Albumen. , 

3. Fibrina. 

4. Mucilage. 
.5, Urea. 


g. Sulphur.. 

10. Phosphorus* 

1 1 . Acids. 
IS. Alkalies. 


6. Sugar. 

7. Oils. 


13. Earths. 

14. Meuls. 



t'. Gelatine^ it has already been intimateJj 
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MniititoHes -the priBcipal' p»t of the etitia, or 
•kin, of animals. It ia, however, found in other 
parts. The well-known euHnary process of 

' making jelly from (fives' ^t, and from the skm 
of a kind of sturgeon, called hingtass, produces at 
mice the suhstaHce called in chemistry gelatine. 
If thecalv^s'-feet jelty were evaporated to dry- 
ness it would be ghie, and indeed ghie is pro- 
duced by boiling down pieces of the skin of 
animals, gcBcrally those parts which are cut off 
by the tanners and skinners; gektine and glue 
are, therefore, the same. It exists more orless 
not only in the solid hut in the fluid parts of 
animah ; blood aiid milk 3lwa}'s yield it, and it 

■ exists even in ih4'%ones, horns, and hair. It is 
a nourishing article of fiiod, and constltutt^ the 
ba^is of soups. Gelatine consists properly of 
carbon, hydrogen, nitrogen, and oxygen. Phos- 
pbat of lime and soda are found in it, but are 
probably only held in solution by it, 

a. AUntmeii is the white of the e^, in which, 
however, it is combined with sulphur and soda. 
It is also the chief constituent ol^the serum oT 
blood. When heated to the temperature of 
l65°, it coagqlates into a white solid mass of 
precisely the same weight. It is also coagulated 
by acids and alcohol. When'dried, it becomes 
a brittle, hard, yellow substance, semi-transpa- 
rent like bum. It must have a near affinity to 
gelatine, for by the action of nitric acid it is 
converted into that substance : and it consists of ' 
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the same ingredients, though probably in wme- 
what dvfierent proporUons. 

3. Fibrina is the solid or fibroua part of the 
animal muscles. It is prepared in the blood, 
from which it may be procured by wasbiug th« 
red clot which forms in blood, when the serutn 
separates "from it, till it baa entirely lost its red 
colour. It may also be obtained, by a similar 
process, from tb« muscles or flesh of animals. 
It is of a white colour, and haa no taste os 
amelK When exposed to heat, it contracts and 
moves like a bit of horn, exh&ling at the samt 
time the smell of burning i%atber». Inastionget 
heat it mslts. It has a n^r relation to the two 
former bodiea, for nitiie acid coorects it ioto 
gelatioe. It appears idu ta be composed of 
the same ingredteota, but it pnc^bly eontaios 
more carbon and lUGrogpa, and ks& oC oxygen, 

4. Mucilage seems to be only the weakest 
md most diltitedfbnn under which gelatine ap- 
pears, and ought Uiereibre to be referred to the 
same head. 

5. Urea is the essential constituent of that 
secretion (urine) from which it derives its name. 
It dififers From all other animal substances tn cou» 
taining a larger portion of nitrogen. 

6. Sugar bai been found in anJmals in eveqr 
sespect bimitar to the sugar of vegetables, and . 
paiticiibfly inmilk. 

7. OUs, as to their general properties, have 
been treated of iu the lecture on Combustiblefi. 
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The animal oils are'speroiaceti, fat or tallowy 
train or fish oil, and butter. The first of these, 
■permaceti, is distinguished from »ll other oily 
bodies by the crystalline appearance it assumest 
It is found in the skult of the spermaceti whale, 
and forms also a copious sediment in the oil of 
*that animal. 

8. Resins have also been already noticed. A 
resin is found in the bile of animals. Amber- 
gris too is considered as an animal resin, being 
formed, ai is supposed, in the stomach of the 
ipermaceti whale. Castor, civet, and musk are 
bIbo referred to thi« class. 

{I and 10. Sulphur and phosphorus are also 
found in animAls^—Tbe latter exhales copiously 
in putreiactioD in the state of phosphurelted by- 
drogeo gas, and often produces those luminous 
appearances in putrid fish, Stc., «o terrifying to 
4rid women and cluldren. 

11. The adds which have been detected in 
animal bodies are the phosphoric, sulphuric, 
muriatic, carbonic, benzoic, uric, rosacie, uii> 
niotic, oxalic, acetic, malic, and lactic. 

IS. All litealkaUes have been found in the 
fluids of animals. 

13. The only e<irths that exist in animal bt>< 
dies are lime, magnesia, and silica. 

14. Of the metals, only iron and manganese 
have been found in animal bodies. 

The parts of ammals consist principally of the 
following matters :— 
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Aaitnal Sulsfances. Hi 

lat. The bones sre composed of pho3phat of 
lime, carbonat of lime, and gelatine, 

9d. Blood, when suffered to rest, geparatef 
into two parts:— (1st.) Tlie clot or thick part, 
which is fibrina, mixed with albumen and co- 
louring matter. The colouring matter ia chiefly 
an oxide of iron, (sd.) The serum ia albiimen 
and gelatine, mixed with mnriat and carbonat of 
. eoda, and pbotphat of litnei It coagulates ia 
the same way as albumen. 

3d. The muscular pstrts cotuist almoU en- 
tirely of librina with some gelatine. 

4th. The whole cutis, or skin, consists almost 
'CXchtBively of gelatine. 

5th, Horns, nails, hair,, hoofs, and quUlf> re- 
■emble coagulated albumen. 

6th. Milk is rather to be regarded a* an 4d* 
vepiltious matter, than one common to all ani- 
mals. Tt is separable into two parti'; atrd, which 
resembles albumen ; and ivhej/, which^consists of 
serum, sugar, and a peculiar acid called the lac- 
tic. Milk also evidently eontaioa an animal oil, 
which ia separated from it by agitation, in the 
form of that well known and nutritious sub- 
stance butter. This seems chiefly to be contain- 
ed in the curd part, when milk is separated by aa 
iScid into curds and whey. 
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UicETIC ACID, ill auiut tad proporties, iL ISS to 157. 

Jcidf.caaoo ^! cbemiarj coaceru in ^ their coiuliluliOD, U.*X 

Thar natures, lundi, and propcities, ISftto 161. 
j^aaiy (chemical), or eiecliie alLracriun.ciplaJaed.u. 98 to M. 
Ajt, meant of aacertaining its density, i. 74 (o TS, SO. Its degret 

of eipanuoo by tMiDgiiBiIcdiiL 57. Sn alu^tniMphtnk ind 

Pnaimatics^ 
Aiigitn, principle of this instrument, i. 7S, 79> 
■Alnpu■^^ iDsmiiDn anil eBpUoatim of, i. 64i 
■tftcoisi, or ardent tpirit; chfinical account of it. eon w^r«d ■■^ 

compound combustible Hibstance, ii. SU^. Ciiripui phzuo- 
. nMntt,pnKliaccdb][iii.iuuiu»withdiSBreo( adila, 9DP, SiOL 
Alkaiia, ihiiple subsIancM in chemiKiyi ii. S$. Cb«a>i<:aJ'a{- 

count of tljem, 51. TbeiT n^turei, kinds, aiui propertiei, 
- t3»U,13». 
AlaTmna, of Alum; chemical account oT i(> C0Biid«rtdi«» OM of 

the kindi of eaftlis, ii. 175 to ITS. 
AvUMb, its IMMTfi and qsalitiM, ii. W, ISS. 
A^plitu4f. eiplAnAtiou. of thukteiai.>2£a. 
Anatysis, (;reat proereis which has betn made in tliia, opC^^ JOB 

by iwdinxGlimulitt, ii. 971 
Jiiimal adds coijsidcied, ii. 153, 160. 
Animal siibstmcn, dllFerent classes of them, ii. 279 to 3B3. 
Antifo^, mpUoitiiiB of this term, i. Sfi7. 
W^/JWii/uii clie^.tcal 1 lecture on, ii 98. A4.^i>t3j;es and disad- 

TBntages of veswls made irf different maieriil!, M. . Formi 

of v«ueh tgr di^reot puipuwi, IDE. Mmns of producing 

heat, 100. CunatructiQUsajtd'ibjeclsoffumace^ LU- ImM, 

118. A Urge apparatus seldom required, 119. 
Assaying raMtJi, process ot, iL 8S5. 

AslTOnoniy. lectures op ; see Ectip-Xi, SmsoiLfySslia, Syileir, aud 
• Tine'- OrJEinanddigTiityof tl:^sclcnce,i,2<l. Its bi-torjr, 

S4^. Eiplaoation of che pj^iiuipal wueda and phtlMs uiodw 

it, 254. 
Atmosphere, lecture on the pbinomena of, i. 74. Inquiry cen- 

cemingitt h^gfat, 74. Winds, 8a Clouds, ndn, &c. S9. 

ThuniTcr and lightning, I itt See also Piuiimaliti. 
Atroftom, lecture on, i. 10. See ChemKol, CoketUm, Hecltre, 

Ettctricit, Gravity, and flfogtitlic, 
Ailnrnth, eiplanation of this term, i. 25S. 
Azule- See Nilregm. 
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Banitfof tiftn,-lce. ttaie of Ihdr bloinng^ up, i. H. 
Barometer, priaciple of Uiia imtniracnt, i. 63. 
Baryta, acronnt of (hit kind or earcb, ii. I6S, 189> 
Battrry, electric, i. 103. Oa[vanic,12I. 
Bellows, liydro«t»tic ; principle of, i. 37, 
BtlU, electrical ; eipcrimmt of,i. 108, 

foiJing^point divert iridetj in diSenot bodies, and it renurlc* 
ably influenced by mecbanicJ prmnirr, ii. 78. Degree at ' 
vhich vratcr boil» in vacuo, 79. Cause why TratA* does oot 
■become hotter by being boilpd long, 74. Carious remit of an 
experiment to boil elher invaato, 76. 
Soroctc ac.iif, its nature and propetlio, ii. 151 to 153, 
fimzn, land and ses, in the tropicafclimatcs, accounted frir, 1.82; 
Burning-glaiset, experimenti with, i. ISl, ii. 61, Curious a- 
perimcat with couca»c mirrori used ai bunjing-glnsset, i. 17(i 
C 
Caldralion of metalt, ii. SI9. 

Calendar, its reformation under pope Gregory, ii. 15. 
CeJoric, or elementary fire, a simple lubstance in chemittrjt 
ii, 32. Cbemicalaccount of it,33 to 35. Xieclure on it« che- 
mical elTccti, 53 : — its power of expansion, 53 ; — its distribu^ 
tion, 58 : — its operation in cauaiDg fluiditTi ()2; and in the 
fonnalioti of vapour, 70: —its power of combusuoot 79> 
Cfmera oliscara,\li principle explained, i. 158. 
CafiUary attracIMn, Blueaomenon of, L 1 1, 14. 
Catoraii, this affectiAi of the eye explained, i 177. The Ope- 
ration of ooucbing for it, 177. 
Carion, or diamond, a simple combustible subslaoce in chemi^ 

trv.iiS3. Chemical account of it, 49, liOO to 202. 
Carbonic acid, lis nature and properlies, ii. 154, 155. 
Catoptrics. See Refitclion. 

Cemiatalian, descriptien of vesaelg used in this chemical procetS 
ii. 105. 



Chendtul attraetion, ptuEnomeoon of, i. IS, 13. Further ei- 

. plained, ii. 30: 
Chemistn,, lecture on its general principles, ii. 23. Oeoeral i}~ 

~ lustrations of the effects of heat and miitirre,fi9,3(X Plan of 
the lectui«s on chemistrf, 3 J. SJn of jimple substances, and - 
remarks bn eaeli, SB. CaiMHls of dKntiiU'f , 35, 39, 40. Di-> 

, Kiilctioaoftbe tenoinationsi>ui,-ii>,ica',>iulM'M,40,l61,235. 
See also Aaimal suhslaaces, Apparatui, Caloric, Combusltbbt lui- 
stanca, Earths, Mttali, Miilare, Sakt, f^tfOM* nibttmc**, 
aitd ^altr. 

Clax/i, account of, ii. 176. 
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Cleudi, phznoniMia of, i. 4. Their formation eiplamed, B9. 
Cohtnon, pluEnmneaa of the attractiou of, i. 1 1. Cuiiou* CX'* 

p«itnents to display thit altraction, 16 to IS. 
Cblenn, lecnireon, i. 193. They do not reude in the ol^ects 

themiclvti, but in the IJEht, 1 93 : — iltustruion of this re^ 



mark, 194. Urht tint uuTyMl, and leparated ii 

ferent colourt, liy Nevton ; his eiperiinenw with the prin 

194. The theory of colour* (hiu comptetely unfolded, IS 



Beauty of a lingte prinnatic ray> Soa Eiplanatio 

Cinomenoa of the rainbow, 901. Principle of (onipellucid 
ie>,S04. The blue colour of the aky aod the green colour 



of (he sea accounted for, 304. 

Colarei, eipUnation of Ihii term, !> 258. 

CombiatilrU tubsUmcei, lecture on, ii. 191. Eiplaaation of th< 
phznomenon of combustion, 191. Cambuitibleidirided inln 
. filed and rolauie, t9S: — alto into limple and compound; ac- 
count of the different kindiof the dmple, I93i vf the coin- 
pound, 2tHtoS16. 

Qymiuilioii, canon of chemistry concerning, ii. 39. 1i one of 
themore ceneral efiects of caloric, 79. Diitinctioo between 
contbuitibte and incombuitible bodies, 79 : — the latter cUsi 
rrady to receive caloric, and give it out agiin in equal quan- 
tity, 79, 80; — the cases of inflamed spirit of wine, and sul- 
phur, no eicrption to this aisenion, 81. Combustion con- 
cilia of a decomposition and a combination, B3. 

Contta, account of, i. 298. 

CompoiJ.mariDer'i ; its great utilitv, !. 95. Variation of the 
compats eiplaioed, 36. Dip of the needle, 27. 

Condensing lyiinge, principle of this instrument, i. 72. 

Om^ctors, metallic, fiinl to buildings as a security against 
lightning, i. 115. Conductors of caloric, ii. 5S, 59. 

CnnsltUations, account of, i. S49. 

Cnfendcaa tystein of the uoi'erie, i. 245, 246. 

Copper, its chemical prop«Mtle», ii, S4!,242. 

Crana, principle of these initruments, i. 230. 

Cryiiatlization of sails, process and theories of, ii. 127 to 130| 
132. 



Day, the aHronoiiacilaad the civil, ii. 4,13,14, Hie Utificial 

day,8,9,ll. 
Dnv explained, i. 9lv 
IHmmnit, See Carton. 

Diana'* trtt, method of peifonning this experiment, ii. 239. 
JKjrils. eiFl>'i>'>ot> of thi« t«rta as usediaqieakin^of cclipsn, 

M. 27. 
IHoflrk; defiaitioa of, i. 157. 
Diitj/Ution, description of TCttelt used forllii>proc«tiiiiit*Ta> 

lietie«,u. 10StOl05. 
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Earth, opiaioni or the ancient aitronomert cooferning it, i. 
343. Some pirticutara ropectin? it, considered as a planet, 
380,281,394. Lecture on this subject, 318 :— it* figure, and 
. iilustratioas of this, 318: — inclination of its aiii to the axis 
of its orbit, aW: — mentnratioD of the earth, and wa^r in 
which this wai accomplished, 330 :~^he earth fotind to be 
not a perfect sphere, 324 :— methods of aicertainin^ the 
loa^tudeatsea, 326. Oeneial view of the nialeriaia of which 
- this glulie is composed ; and different hjpolhewi on the sub- 
ject, li. 163 to I6T. SeealsoTidu. 
Earlhguakei, phenomena of, i. G. 

Knnhi, simple Eubstancei in chemistry, ii. 33, 52. I^ecttire on, 
163 1 — definition of earthy and atony aubitances, 163:^^f> 
ferent claiies of ihem ; remarlu on eacti, and on ttieii dislri- 
. bution, 164 to 190. 

£i:/tfites, lecture on,ii. IT. Of the moon, 17. Of the lun, 21. 
Belurnt of eclipso as influenced by thenodes. 23, 34. Prin- 
ciples of foretelling eclipses, S5. Particular points and 
phases to be noticedin eclipses, 26. Eiplanalion of the term 
digitt, 2T. Eclipses of the satellites of Jupiter, 27, 
Etliplic, explanation of this term, i. S.58. 
£^clnc(iJa»rarn(ia,phxnotneDanof,i. 11. 

Efrrtricil^, lectures Dn,i. 9^, 105. Nature of the electric fluid, 92. 
Principal pha:naniena of electricity, 93. First discoveries ia 
electticity, 94. Electrical machines fiplained, 98 : — eiperi- 
ments with them, 100. Indention of (he l>yden phial, 102. 
Discovery and eiplan^ion of the difference between pssi- 
tive and negative electricity, 10^. Experiment of the electri- 
cal bells, 108. Account of the electrometer, 109. Eiplana- 
lion of the phznomena of thunder and lightning, 110. £lec- 
tricity and galvaniim are essentially the same, 132. Electri. 
eal mineral and animall, 123. Ueclticity a method of pro- 
ducing heat for chemical purposes, ii. 107. 
Eltctfomci'T, account of this instniment,!. 109. 
Sth(T, curious resuU of an eipeTiment to boil it in vacuo, u. 1$. 
Chemical account of it, considered as a compound combusti- 
ble substance, 211. _ 
Evaporaluin, description of vessels used for this process in iti 



Expaiaios, one of the efltctt of caloric ; eiperiments and illus- 
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tratioai OD dtii •ab^Kt, H. 53. Bodie* Rpandid by tikiric, 
never iocreaie in weight from its pmence, S7. 

Experimtntal pliil9soplir),iU oripa and impomDce, i. 1 to 9. 

C^c, III cmioua itivcture; iia meiboil «f actioD,«iid Mnneof !t* 
afi«c[ioiu,eipUiDed,t. iTSto-lBl. 



fmUhyf todia, prindplc oa wbicli their acquire an Mcelentcd 

force, i. SOS, SOS. 
WtrmaUation, ■ ntelhod of produciog heat for cbemfcal pnr- 

poKa, ii. 107. Chemical rcmaAa on the nature of tiu> pn>- 



Fire-e>igBie,lf ^riacifie,i.S4. 

Fixni start, thnr Dumber and diitance, i. 948, S49. ZNffereflce 
bctwem the period of iheir diuiiul revolutkm, 4nd thai of 

Flome, account of, ii. 192, 193. 

SUiiity, one of the niOM gmeral effeCM of heat, ii. 63. Even 
' eartlii and ttonn of nil kiadi might probaUjr be rendered 

fluid by the same meani, es, 79l Ijit of the mdliDg-pMBtt 

of different nibttancea, 63, 64. Fluidity does DOt depoid ma 

the MDiible.but theUteol, heat of bodies, 65 to To. 
Knds, canon of cheiTiiitry concerning their conititulion, ii. 35. 

See Hi/droUmria, Hiidwaulies, and Pveumatici. 
Fluoric aiTii, its nature and propertief, ii. IS3. 
Focus (ofburoiBg.flutea.&c.) explained, i. I3B, 148, IS 1, 15)!: 
Fainlaini, phxnumenon of boiling, i. S. Beautiful eaperiment 

ef an ariiltaial fountain, 7!. 

19 poRerful ellect in earning water to iwdl, 
why deep lak^d ' ^- .^ . 

the proceis of f leczlng is 

perimeni in freezing ; 

eitracted, GB. Ag;itali 

fiuit, 68, 

fricliwi a method of producing heal, Ii. 107. 
F«fi considered in iti. different varietioas a means of producing 

.Iwtt f»r4:b«nical purpose!, ii. 109 io 111. 
FuTiuici!, con St rue lion of them for different chemical purpOMv, 

ii. Ill to US. 
Auiun, form and compositiOD of Teweli uied in this procen, ii. 



1 
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timmtt, 117, US, 192. Deacriplion of galvanic batteries, 
llil. Galvanism and electricity are euenlially the tame, 13'2. 

Geaifium ndu), K»iie paniculart coDC«riiing this piaticl, i. 997. 
Sec also £80 to <J3j, 'iSt, 295. Accoual o( iti laiellites, 314 
to 317. 

(rlaai, it! advaolagei and disadvanlagea u a mateiial for ibe 
compoDlioa of chemical Tceseli, ii. 99. DiSereot ahapes of 
optical glasaea, and application o[ the principle of refraction 
to the coDStrucIioo of them, L 145 to LS7. I>clure on op- 
tical glanes, 172; — Bccouul of WFeral ; •pectaclee, 181, 188; 
— teleKopes, 182, 1 86 ;— cnicroscopea, 183. 

Gturtna, accouut of ihii kind of earthi, ii. 190. 

(ToU, iti chemical propertiei, ii.237. 

Gravity, or grifiitalioa ; pbznomena of,i. £. EXplanatioa (n 
this principle, 10, 14. lis force varies at different distances 
from the earth's surface, 207. Principle on which falling 
bodies acquire an accelerated force, 208. Accouut of the 
centre of gravity, 2 1 9. 

Gum, chemieal rimarlts on it, ii. 270. 

Guita Serena, xa affection of the eye, {. 178. 

Gypsami, account of, ii. 173 to 175. 

H 

Hail, phssnomenon'of, i. 4. lis formation etplained, 9 1 . 

Barmatlan, the wind so cnlted, i. S5. 

Harvest-moon, this phenomenon accounted for, i. 306 to Sll. 

Heal, dilferent means of producing it as an agent in chemistry, 
Ii. 106 to US. See also Caloric. 

Hoar-,/rasteiplained,i- 91. 

Hnrixan, eipranation of the senEible and the rational, i. 254. 

Harricants, their ravages, and probable c,mse,i. 81. 

Hydraulics, lecture on, i. 44. Eipiauatlon of this name, 44, 
"CaHse why fluids rise to the level of their sourtP, 44. Frin- 
ciple ui (he syphon, and experiments with it, 45, 4T. Prin- 
ciple of intermittent springs, 48 ; — of the common pum[i, 
49 1 — of the forcing pump, the fire-engine, and sleam^engine. 

Hydrogen, or inflammable air, a ample substance in chemistry, 
ii. 33. Chemieal account of it, 45, [94_. 

Hydnniieltr, principle of this instrument,!. 42. 

Hydroslalics, lecture en, i. 31. . Explanation of this name, 31. 
Water proved to be not incompressible, 31. Principles con- 
cerning the pressure of fluids, 33, 33, 35, 3S, 39. Method of 
operatron of some water-worVs, 33. Supposed constitution 
of fluids, 33, Springs on tlie tops of mountains accounted 
for, 35. The hydtoslatie paradoi, 35. TJie hydrostatic 
bellows, 37. Cause why the banks of rivers, *c. blow up, 
38. Principle and proportion of a ship's drawing naier, 39. 
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Priaciplc of the tobln of apecific gravitio, and the hydro- 
uatic balance, 39. Method af uceitaininK the dennty gf 
di&ereai fliuida, 41. EiplaiutioD of [he hyiA-ameter, 42. 



ht, experiment of liquef;r"'E' ■* ^ meiBS of (he nitric add, n. 

49. CauH of the caviiio foiuid in it, 55. 
IiuliTitd pljaf, principle of lhl> mechanic poirer, i. S3S. 
JnfiammatU air. See Hydrogen. 
Iron, it* chemical propeniet, ii. 343 to 944. 

J 
Jano, some particular) concerning dus iiewl^ diicoTered pla- 



^Uiiq/'nafuTf, eiplanatianof thi* pliraie, i. 6. 

Lead, its chemical propeitiea, ii- S45. i 

Li^, definition of thii term, i. 140. Difierenl iorti of IcDses, 
and Chcir efTecu, 146 Co 157. 

Ltvet, ibree difierenl lorti of, and their model and poweti of 
action,). 223, t^T.SSS. 

Lti/dra phial explained, i- 102. 

liiratioiiofthemoon eiplaioed, i.S06. 

-Light, lecture an, L 134. DtlTerenc opinions concerning it> na- 
ture, 1^4. lu mo«t remarkable propertiei, \'i5. lu artonisb' 
iogvdocity, 135. Hb inconceivable rarity, 128. lis force, 
or momeuluni; curious *iperiment proving this, 1^. Its 
constant motion in straight lines, 136. General principles 
and deSnitiona concerning light, 137. See alto CoIuuts, tie- 
JbnIioiittBi Refiactiuit. 

LiiMiaiig. See Thunder. 

LiiHt ; chemical account of it, considered as one of the kinds of 

■ earths, ii. 167 to 175. 

Loadsloiir, account of, i. SO. See also Magnetiim. 

Liiigil'idf, methods of ascertaining il at sea, i. 336 to SSa 

Lonking-glnsva. See Mirrors. 

Lutes (chenical), different sorts of them, ii. 1 18. 
M 

M'lgic latUern, ils principle explained, i. 152. 

Mogiwsia ; chenucal account of ie, considered a* One of the 
earths, ii. 184 to 188. 

Maeneliini, phxnomeua of, i. II. Account of the loadstone, StX 
Degreeii of a niagoet*> force at dilTcrent diiiancet, 31. Oe- 
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ticral power of loadnmiei, 33. Method of nukii^ mafiuti ; 

and ditFerent kinds of them, 3?, 3,1. Polnof the nugDet ex- 
plained, S3. In priTici[^ of repulHon, 24. The marioer'a 
compass, and iti great uae, 35. Diffeteul meani by which 
iron may acquire the magiieiic virtuei, 37. Entenaiiiing ei- 
perifnenlH in mx^eiism, 3T, 39. Eiplaniition of cbe reported 
miracleof Mafaoniet's coffin, 1!3. 

Mngirt^ing- and diminishing propetliei otglau, i.3. 

JWiAowwCi ci-ffin, eiplanation of the reported miracle ot, i. 38. 

JIfar/j, difierent kindi of ihem, ii. IS9. 

Jfori, particulanconceniingthii planet, i. S96. See also 380 to 
S85, 394, 395. 

Mechanic pmivri, lecture on, i. 333. The lii diSereiit kinds of 
these ! the lerer, 335 ;— the wlieel and aile, 22% ;— the pul- 
ley, 330i— the inclined plane, 232: — >he wedge, 334; — ihc 
screw, 2S5. See al»o Mutton. 

Udta^pomti of diSerent sub>taDce«,^litt of, ii. 63, 64. 

Mercury, pardculart concetsing [hit planet, i. 395. Sec also 
280 to 9SS, 394. 

itercary, its chemical properties, ii. 340, 341. 

Metal, its adiantages and diiadvanUges as a material foe tb« 
compoeiiionof chemical vessels, ir- 101, 103. 

JIfefaZt, sinplesubsLancesineheminry, ii.9S,5S. MeMHsof de- 
tecting thair adulteration, i. 40,41. Oudizement of them, 
ii. 41. Lecture on them, 217. Divinoii of ihem into clawei, 
236, 297. 

Jtfitrojcope,inventioaofthis instrument, i. 183. Description of 
its dinercDi kinds; the gioEie microscope, 183: — the doubia 
or compound microscope, 184; — the solar microscope, Hi6. 

MUiyaay, i. 253. 

Mineral atids, the principal, conndered, ii. t39 to 155. 

MitieraC ualers ; substances usually found io th^ on analysis, 
and method ot analysing them, ii. ^ 1 to 366. 

Minvri; different kinds of them, aiid the method of thar ae- 
tion : plane mirrors, i. 159; — concave mirrors, and optical 
deceptions with them, 163, 166, 169: — convex mirrors, 164. 
Eiperiment nilh concave mirrors used as buroing-glassea, 
ITO. Distorted figures reduced to syinmetry by a cylindrical 

Mixlicre, lecture on its cheniical effects, ii. 84, General princi- 
ples with respect to miilure, 84. Instances of the mixture ot 
«o1ids with fluids, 85. Process of separating by heat, bodies 
differing in volatility, 86. Some bodies are less in bulk, and 
others greater^ when roiled, 88. Different theories and ei- 
plications ot the effects of mixture J lord Bacon's, 88: — po- 
pular opijiions after him. 89: — sir Isaac Newton's theory, 
9i. Affinity ezplaioed, 92. Somcof the principal laws qf 
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£99 INDEX. 

DiinurE ind •oludan, 94. Mixture a method of productBg 
heat for chemlcai purpoici, 107. 

JI/xiuuonieipLined and accounted for, i.S3. 

Month, itB pn-iod, li. 14. Diilereiice betwceo a periodical and 
a (jnodical mouth, i. 304. 

A/<»n, method of ascertain in? her honzoutai para)lai,i.~SS« to 
■2tiB. Her diameter and bulk, 301. Vcriod of her revolution 
round the earth, 303. Eiplanaiion of her pbaiei, quarters, 
&c. SOS, 30S. Difference between her periodical and her ty 
nodical reroluiion, 904. Her rerolution on her own aita, 305. 
Her libntion eiplaincd, 306. Her year, 306. The phxno- 
menon of the harvest-niuon accounted for, 30fi. £>planation 
of the moon'i nodes, 311. Apiiejrance of her eurface when 
viewed through a telescope, .S1.1. Her mean distance from 

' theearth,3l6. Her ectipiea explained, ti. IT to SI. Her iit- 
fluence on the tides. Lecture iiii. (i.SSl.) 

lioHoH, lectdie on the lawt of, i. 207. Prindplei of gTaTiiation, 
and of the va iatrliit of matrer, explained and iltustnuedr 
SOT, £08. Great specmdawi of motion, and illostraiions of 
them, 213, S1.1, 213. Account of the centre of gravity, 319. 

Vsuntaiiu, reason why the highest parts of tbeoi are the 
coldest, ii. 61. 

Murialic arid, its nature and properties, ii. ISO, 151. 

Muriatic radical, ■ limple lubttance in cheDUstry, ii. 39. Che- 
mieal account of it, 50. 

N 
Nilric acid, its r 

Chemical account ot it, 4i. 
A'oJi-sof ihemonn eiplalncd, i. 311, 313, Their influence on 

eclipses, ii. IS to'15. 



jtirtible iiilmancei, ti.^iatoai6. 

akram and transpi-rei'.cy, the principles of. i. 136. 

Hofnict:iKit.S;ll to 53.?. 

ii/tif;n>'u.'iifmetaia,ii. 2'jnioS3!. 

jwrv, n vimple substance in chemistry, ii. 33. C&etnical 

Muiit ofit, 3S to41. 



P'lUnt, (Rmc pnrlicularj concerning this newly discovered pla- 
ner, i. -jm, '281, -29* to 396. 

Pars'loT, the irydroslatic, i. 35. 

Pimtlex, eiplinsiion of the diurnal and the annua), i. 259. 1"- 
luttrations of the hoiixontar paraUai, 396 to 393- 
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IMdEX 



/'mlu Jum, principle of it> conMmction, i. 210. 

Percussion a melhod of prududng heat, ii. 107. 

Phten'imeaoii, meaaingaud derivaiion of itii) word, 1. Tl. 

Fhaaes al the muoa explained, i. 303, 30.t. 

PhUo.inphicalJireuxrris, how to make them, ii, 194. 

Phosphuri, aolar, ai^rouat of, i. 13?. 

Phosphoric acid, its nature and proper lies, ii. IGO. 

Phospliarus, a simple combustihle substaoee, ii. 33. Chemical 
account of it, 47, 194 to 197. 

Pl.^^els, lecture on ihe primary ones, 276 :,.-iuture of these 
bodies, and laws of their motion, 276, 277,216:— the supe- 
rior aud inferior planets, 278:— tables of ibe diameters, 
. tnagiiilude. density, aud Bolidiiy, of th<; tim and the priuiary 
planets, 280 to 2H4 :— table of the inclination of the orlnti 
of the primary planets from the plane of the ecliptic, 285; — ■ 
method of measurhig the distance of the heavenly bodies 
from the earth ; the horizouial parallax of the muon, and of 
the sun, ascertained, 286, 290:— ublea of the mean distance _ 
of (he primary planets from the lun, and of their revolutions, ' 
294, 295 ; — planet i which have been lately discovered, 2J15 :— 
particulars conccrniag the difFerent primary plaoels^Mer- 
curjf, 29S; Venus, Mars, Ceres, Pallas, Juno, Vesta, and 
, Jupiter, S9G; Saturn, and the Georgium Sidus, £97. Lec- 
ture ua the secondary planets, 301 : —of the moon, ^1 : — 
the salellitei of Jupiter, Siturn, and the Georglum Sidus, 314. 

Piafinain, chemical properties of tl-' ' " """ 



\o prove the pressure of the atmo- 
t^iicre, 61, 62,' Principle of the barometer, 63. The air 
i;:uved to be elastic, 64. Invention and eiplauation of the 
air-pump, 64 :^*i;perimentB with this inslrument to show 
(he mechanicai properties of air; its weight und pressure, 68; 
its elasticity and cornpressibility, 69. 

Pu/nsj. itsnatuieand qualities, ii.iSS to 137. 

PiecessioK oftlie fptM<,.rts eiplained, i. 364, 265. 
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Rttin, pluHiomeaon of it nplained, i. 4, SO. 

Raiid-Bu; phenomenon of il eiplnintd, i. S, SGI. 

Aaj'jof light, and their different kinds, eipUined,i. 137 to 139. 

Htjlctlioji (or Reflenihility) of light, pha^nomena of, i. 2. Lee-, 
tureon, 158:-— principle of reflettion, 1S8;— different IdmU 
of mirrtn, and their modes of aelion, 159"to 171, 

Rifratlim, (or Refrangibltit^) oEihe rays of light defined.!. 139, 
Lecture on, H2i — principle of refraction eipl^iineil and il- 
liistraied, \42: — its .ipplicatioD lolhe construction of optical 
g1:iMes, 145. 

R'p:iisi<i», some bodies poBsrit a power of, i. IB. Tlul principU 
cienipliHed bj the magnei, 24. 

Biul uf metalt eipbiued, ii. 22 i . 



SaltJ, lecture on, ii. 120. Definition of tbe term cafti, ISO. 
Phznomeiia io the mixture of s:ilts with water, 1£3; — sepa- 
ration of the laltB afterward bj evaporation, 125. Pruces* 
andlheorietof the crysiallization of salts, 1K7, 129. Different 
method) of separating taJts in solutioa, 131. AccOuNI of ibe 
alkajine sails, l,S3i— of the acidi, 139:— the componnd saft*. 
Ifil ; canon of chemistrj coDCerniDg the constitution tif 
these last, 4a 

Samitt, the wind so called, i. 87. 

SatelUlrs; account of iboK of Jupiter, Saturn, and the Oeor- 
giuni Sidus,!. 314 to 317. Eclipses of thou of Jupiter, ii. S7. 

SaluTtUioa eiplained, ii. 85. 

SiiI'mi, particulars concerning this planet, i. S97. See ab» 
S60 to £85, £94, 995. Accountof its salellilea, 314 to 317. 

Scrw; piineiples of this mechanic power, and its mode of 

Sta, its green colour accounted for, i. 90S. Inquiries concern- 
ingitstuppoaed gradual diminution, ii.24B, 249. 

SeaioHt, lecture on their vicissitudes, ii. 1. 

Semipfliacid bodies, principle of, i. 204. 

Shnrk (electnc) eiplained, i. 9B, 103- 

Sldrrrai time.dilierence between that and solar, i. 266. 

£^ of the zodiac, i. 350. Present difference between their 
nominal and real places, 264. 

Silica, or flint; chemical account of il, considered as one of (be 
kinds of e»rlhs,ii. 179 to 1K4. 

Si/uer, its chemical properties, ii. 239. 

Simiih suliBlanccs in chemistry, list of thrin, ii. 32. 

Sirorco, the wind so called, i. 86. 

Sky, its blue colour accounted for, i. 20,?. 

A'neu', phenomenon of, i, 4. Itsformiiicn eiplaiaed, 91. Docs 
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INDEX. '^ 

■St c(H]Ca!ii a lait, ii. 55. Manner and degree in whicb it 
kcepithe ground waim, 59. 
Soaptits nature andcDDipgution,il. 139. 
Soda, iti nature and properliei, ii. ISSto 135. 
Solar syitem, lecturei an. 3«e Sun, Plauttt, Conil', aid Earth. 
Stlulioa, tome of in prioojpal la«>i ii. tK> Description of ves- 

«el> Died in llui chemical procen,IOS. 
Sptcific ernvity, eiplanation of this phriie, i. 15. Principle of 
the tabl» of niecific gravitie*, 39, 43. The ipecific gravity 
' of bodiesdiiFen with the degree of beat, ii. 57. 
Sfieclacla, iaveutioD of, i. 183. Priociple of thoM proper for ' 

ihoit-ughted perKiiu, 155, 181: — for the weak~>ignted, ISl. 
Sfirit of wiat (highy recitfied) aie>nii DWtre than i(a own 

veighl of water by combu>linD, ii. 81. 
Spob on the iuq'i Aac, their number and loagnitude, L S^O. 
Conjecture concerning thwn, 871. Discovery produced, by 
meana of them, 87 1 . 
Spriagt on the lopi of mountaitu accounted for, i. 35. Principle 

at intermittent tpringt, 4S. 
Starch, chemical remarlu on, !i. 273. 
. Slari, two sort* of, i. 247. Number and diitaoce ofthe fiied 
itari,248,249. Thecsmitdlationi, S49. Unformed Han, 253. 
SUam, in wdght compared with that of wati 
Sttiim-t'i)pnei, their operation ei ' ' ■ ■ ■ 
St^, account of, ii. 843. 
Sitelyard, principle of thi> 
■ Stony sutslaaca. See Esriks, 

•eiToraiaTi, account of this kind of earths, ii 189. 
Saclion, the idea of thii i% a vulgar error, i. 69. 
Sagar, chemical remarks on, ii. SGS to 370. 

Sulphur, a simple combustible substance, ii. 33. Chemical ac- 
count of it, 4S, 197 to 300. 
S^ljlAurtc add, its nature and properties, ii. 140 to 147. 
SrimmrriOur distance from the sun is greater in thii season than 

in mnter; this par^dcm explained, i. 363, 363. ~~- 

San, ill diurnal motion apparent and mil real, i. I . Eiperimeni 

and calculation on ibe degree of iti continual eihauicion, 

134, 135. Lecture on the sun, and hit real and apparent 

motioni, 360: — conttitution of the solar syitem, 860: — ap- 

i parent diurnal and annuatnioiions of the Bun accDonted for, 

^ UGO: — hi> distance from us greater iniummerthaa in winter; 

this paradox eiplained, SCS, 363: — present diSerencebetn-een 

the nominal and real places of the signs of the zodiac, 364: — 

dilT.Teiice between solar and sidereal time, 365, 366: — form of 

the sun, 27B: — spots un his disc, their number and nia^< 

lude, 870; conjecture concerning them, 371 1 they produce 

> the discovery of his form, and revolution on his aiis, 871: — 

n of the zuiliatil Kght, 372. 'i'ables of the di»- 
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iiiel«r>, magnitude, density, and tolidity, of the um and the 
ifirimary pUiiett. 880 to ^S4. Method uied Tor aBcercainiiig' 
iheiung Koriiwntal parallai, SH9 to 293. TaGteiof chemean 
dielances of the primary pUnelB from the tun, and nf (bar 
rcvolulioni, 294, 295. The sun's influence on the tides (Lec- 
ture "II ), 38i, &c. HiB eclipMs eiplained, ii. 21 to 27. 
Hi) raj> uted ai a method of producing heat for chemical 
purposel, 108. 

^pAon, principle of thi< inalrumeDt, i. 4S, 46. Eiperimenu 
with il, 46, 47. Natural ijphoDs, 48. 

%i(e>n of (he universe, lecture 0D,t.341. Ojnnioni of the an- 
rient philoMjphers on thiseubject, S43: — the Ptolemean tf- 
«tem,244; — the-Copemicui, 345 ;— the Tvchonic,346. Tlie 
(tan, planetary and fixed, 347: — conatelljilions, 849: — un- 
formed acan, 253. The milky-way, 353. 



Tola, kccounc of, il. 186. 

Jai, chemical remarlcs on it, ii. S16, 371,373^ 

Taiitalus'i cup, experiment of, i.47. 

Tarlaric acid, iti nature and propeitiei, ii. l£7, 15S. 

Telescope, invention of this iiistcument, i. 183. Description of 
its di^rentluiidi; the dioptric oc refracting telescope, 186: 
— the achromatic, 189; — the ceilecting, 190: — the Gregorian, 
191: — the Newtonian, 191; — Dr. Herschei'sgreii telescope, 
192. 

rerminahoM! (chemical), cus, iri,ic, and at; disiincliun of, ii. 

40,161!— DHETj 225. 

ntaB, eiplanatioa how it is so slow in its operation, i:. 66. 

TbandiT and lightning, eiplanstioo of tiie phieoomena of, i. 3, 
110. Dr. Ftaukli^s eiperimeiit by wtijch he brought down 
lightning from the heavens, 1 10. Signs of thunder-storms, 
1)3: — safest situations during them, and method of calculat- 
ing tbedistance of the cloud. 1 14. Di;icnptiun and explana' 
tion of the conductors fixed to buiidhig-s, 1 1S. 

IWes, phmomeoa of, L 5. Lecture on, 331 :— thnr daily, 
monthly, and annual periods, 33S; — Newton's theory of the 
tides, 334: — eipliination of their principal p]iienomena,337. 
, Time, lecture on tlia diviaiona of, ii. 1; — different measures of it 
which have liceii adopted; the day, 4tol4j the month and^ 
tlis year, 14, 15: — cause of the diueteuce between mean and 

Til*, itschfimical properties, it. 244. 

Toiricelliaa esptrimei,l, i. 63. 

Trailc trj.frfj explained, i- Bl, 340. 

Traniii! of Fenus In the years 1761 and 1769, iraportint points 

ascertained by means of ihem, i. 289 to 293. _ 
Tran^artaci/ and opakcuesa, the principles of, i. 136. 
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